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QUANTITATIVE  PATHOLOGICAL  STUDIES  WITH  ARSENIC  COMPOUNDS. 


L  THE  INFLUENCE  OF  FASTING  AND  VARIOUS  DIETS  ON  ARSPHENAMINE  POISON- 
ING, AND  THE  COMPARATIVE  TOXICITY  OF  ARSPHENAMINE,  NEOARSPHENAMINE 
AND  PARA-OXY-META-AMINO-PHENYL-ARSENOXIDE. 

Charles  W.  Hooper,  Alfred  C.  Kolls,  and  K.  Dorothy  Wright, /rom  the  Division 
of  Pharmacology ,  Hygienic  Laboratory ,  United  States  Public  Health  Service. 

[Submitted  for  publication  February  28,  1921.] 

Introduction. 

The  quantitative  studies  in  chemotherapy  pubhshed,  and  in  prog- 
ress by  Prof.  Carl  Voegtlin  and  his  collaborators  (1920  and  1921) 
dealing  with  the  trypanocidal  action  of  antimony  and  arsenic  com- 
pounds stimulated  the  following  quantitative  pathological  studies 
with  arsenic  compounds.  This  is  the  first  paper  of  a  series  which 
will  deal  with  the  quantitative  action  of  various  drugs  on  the  tissues 
of  the  host  under  varying  conditions.  It  will  be  seen  from  this  paper 
that  fasting  and  various  diets  markedly  influence  the  lesions  pro- 
duced by  the  intravenous  administration  of  sodium  arsphenamine. 
The  action  of  arsphenamine  and  neo arsphenamine  upon  the  animal 
organism  differs  greatly  when  considered  from  a  pathological  point  of 
view.  The  kidney  lesions  produced  by  arsphenamine,  neoarsphena- 
mine,  and  p-oxy-m-amino-phenyl-arsenoxide  are  described  and  com- 
pared on  a  quantitative  basis.  Experiments  are  included  which  show 
the  effect  of  therapeutic  doses  of  mercury  on  the  kidney  following 
toxic  doses  of  disodium  arsphenamine.  Liver  necrosis  with  jaundice 
has  been  produced  by  the  intravenous  administration  of  lethal  doses 
of  disodium  arsphenamine.  Finally,  a  method  is  proposed  for  the 
standardization  of  the  rat  for  the  biological  testing  of  drugs. 

Experiments  with  Rats. 

A.  the  influence  of  fasting  and  various  diets  on  the  toxicity 

OF  arsphenamine. 

The  influence  of  fasting  and  diet  upon  the  toxicity  of  other  drugs 
has  suggested  to  us  that  these  factors  may  also  play  an  important 
role  in  arsphenamine  and  neoarsphenamine  poisoning.  On  account 
of  the  considerable  variation  in  the  individual  susceptibility  of  ani- 
mals to  arsphenamine  poisoning  the  number  of  experiments  required 
in  order  to  obtain  reliable  data  on  the  effects  of  diet  is  necessarily 
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very  large.  For  this  reason  we  have  used  the  albino  rat  and  report 
the  results  obtained  with  over  600  animals.  It  is  clearly  shown  that 
a  diet  of  white  bread,  rolled  oats  and  milk,  fed  in  the  days  preceding 
the  intravenous  administration  of  arsphenamine,  exerts  a  marked 
protective  action  against  the  toxicity  of  the  drug. 

The  great  difference  in  the  individual  susceptibility  of  patients  has 
already  stimulated  the  following  clinical  observations:  Westrope 
(1916)  stated  that  a  milk  diet  given  24  hours  prior  to  the  administra- 
tion of  arsphenamine  reduces  the  toxic  effects  of  the  drug  to  a  min- 
imum, and  the  patients  suffer  little  or  no  discomfort.  Bailey  and 
McKay  (1920)  observed  that  patients  with  toxic  jaundice  following 
the  administration  of  neoarsphenamine  and  mercury  may  have  an 
increased  amount  of  blood  urea,  which  they  attribute  to  the  high 
protein  content  of  the  diet  and  to  the  effect  of  exercise. 

An  extensive  literature  has  been  developed  concerning  the  influence 
of  fasting  and  diets  on  the  toxicity  of  drugs.  Lo  Monaco  and  Tram- 
busti  (1894)  found  that  well-nourished  dogs  and  rabbits  were  less 
resistant  to  phosphorus  than  poorly  nourished  animals.  It  was  also 
observed  that  the  degenerative  changes  in  the  liver  and  kidneys  were 
much  more  pronounced  when  the  animals  received  water  during  the 
fasting  experiments.  Mansfeld  (1905)  carefully  reviewed  the  pre- 
vious literature  on  the  effects  of  fasting  on  the  toxicity  of  drugs,  and 
studied  the  influence  of  inanition  on  narcosis.  He  found  that  starving 
rabbits  were  more  susceptible  to  chloral  hydrate,  paraldehyde,  and 
morphine  than  were  well-nourished  animals.  On  the  other  hand,  the 
toxic  effect  of  ethyl  alcohol,  amylene  hydrate,  and  ethyl  urethane  was 
not  increased  by  starvation.  Ellinger  (1905)  observed  that  rabbits 
fed  on  oats  and  given  cantharidin  subcutaneously  showed  a  severe 
hemorrhagic  nephritis,  evidenced  by  bloody  urine  and  a  marked 
albuminuria.  The  reaction  of  the  urine  was  invariably  acid.  Rabbits 
fed  on  turnips  and  given  the  same  amount  of  cantharidin  subcutane- 
ously showed  only  a  faint  trace  of  albumen,  if  any,  and  the  reaction 
of  the  urine  was  always  alkaline.  Beddard  (1908)  suggested  the 
therapeutic  use  of  dextrose  in  the  treatment  of  chloroform  necrosis, 
and  also  the  advisability  of  feeding  it  before  chloroform  anaesthesia. 
His  suggestion  is  based  upon  Rosenfeld's  view  that  the  poisoned 
liver  cells  can  utilize  carbohydrates  far  better  than  proteins  or  fats. 
Wells  (1908)  states  that  feeding  of  dextrose  to  animals  lessens  the 
amount  of  fatty  degeneration  which  results  from  phosphorus  poison- 
ing, and  presumably  it  should  have  some  similar  effect  in  chloroform 
poisoning.  Foster  (1910)  studied  the  influence  of  different  propor- 
tions of  protein  in  the  food  on  resistance  to  the  toxicity  of  ricin  and 
on  recuperation  from  hemorrhage.  He  considered  the  ricin  experi- 
ments inconclusive  and  that  recuperation  from  hemorrhage  depends 


more  upon  the  breed  of  the  dog  and  individual  idiosyncrasy  than  upon 
the  amount  of  protein  in  the  diet. 

Salant  and  Rieger  (1910)  studied  the  effect  of  starvation  on  the 
toxicity  of  caffein.  The  fatal  dose  for  rabbits  starved  four  or  five 
days  was  about  30  per  cent  less  than  for  well  fed  animals.  Hmit 
(1910)  made  careful  observations  on  the  effects  of  a  restricted  diet 
and  of  various  diets  upon  the  resistance  of  animals  to  certain  poisons. 
The  most  striking  results  were  obtained  with  acetonitrile.  Guinea 
pigs  and  mice  kept  upon  a  restricted  diet  were  more  resistant  to 
acetonitrile  than  those  kept  on  an  unrestricted  diet.  Mice,  fed 
upon  articles  of  food  such  as  enter  largely  into  the  daily  diet  of  man, 
varied  greatly  in  their  resistance.  He  was  able  to  alter  the  resist- 
ance of  the  animals  at  will  and  to  overcome  the  effects  of  one  diet 
by  combining  it  with  another.  The  protective  action  is  attributed 
by  Hunt,  in  part,  to  a  specific  effect  upon  the  thyroids.  Dextrose, 
oatmeal,  liver  and  kidney  increased  the  resistance  while  eggs,  milk, 
cheese  and  various  fats  greatly  lowered  the  resistance.  Several 
glands,  notably  prostate  and  testes  exerted  a  beneficial  effect  similar 
to  but  much  less  marked  than  that  of  thyroid,  while  thymus,  para- 
thyroids and  suprarenals  had  either  no  effect,  or  an  effect  opposite 
to  that  of  thyroid.  Diet  also  had  a  profound  effect  on  propionitrile 
poisoning.  The  toxicity  of  morphine  was  distinctly  but  not  markedly 
affected.  Salant  and  Rieger  (1912)  studied  the  protective  action 
of  diet  against  the  toxicity  of  caffein.  It  was  found  that  a  high  pro- 
tein diet  for  the  adult  dog  tended  to  greater  resistance  of  the  animal 
to  caffein,  and  similarly,  the  growing  dog  tolerated  larger  quantities 
of  caffein  on  a  milk  diet  than  on  a  diet  of  meat.  Salant  and  Smith 
(1914)  observed  that  carrot-fed  rabbits  resisted  much  larger  doses  of 
sodium  tartrate  than  those  which  received  oats  and  cabbage.  More 
than  twice  the  fatal  dose  could  be  given  without  producing  symptoms. 
Opie  and  Alford  (1914  and  1915)  investigated  the  influence  of  diet 
upon  necrosis  caused  by  hepatic  and  renal  poisons.  Rats  were 
used  as  experimental  animals.  A  rich  carbohydrate  diet,  it  was 
found,  protects  the  parenchymatous  cells  of  the  liver  or  kidneys 
from  necrosis  caused  hj  chloroform,  phosphorus,  potassium  chromate 
and  uranium  nitrate.  Chloroform  and  uranium  nitrate  were  much 
more  toxic  to  animals  which  had  received  a  diet  consisting  in  great 
part  of  fat  than  to  those  which  had  received  meat.  The  suscepti- 
bility to  intoxication  with  phosphorus  was  not  increased  by  a  diet 
of  fat.  The  toxicity  of  potassium  chromate  was  not  greater  after 
a  diet  of  fat  than  after  a  diet  of  meat. 

Graham  (1915)  demonstrated  that  the  feeding  of  carbohydrates 
to  adult  dogs  increases  their  resistance  against  liver  necrosis  by 
chloroform.  Salant  and  Nelson  (1915)  found  the  toxicity  of  oil  of 
chenopodium   for    cats    and    rabbits   which   had    received    cotton- 
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seed  or  coconut  oil  was  diminished  at  least  50  per  cent  in  some 
cases.  Evidence  was  also  obtained  that  a  diet  rich  in  carbohy- 
rates  has  a  similar  effect  on  rabbits  to  which  the  essential  oil  was 
administered.  Salant  and  Bengis  (1917)  observed  that  the  admin- 
istration of  the  oil  of  chenopodium  by  mouth  and  subcutaneously 
may  be  followed  by  renal  disturbances  in  rabbits  fed  exclusively 
on  oats.  No  evidence  of  impaired  kidney  function  was  obtained 
when  the  same,  or  even  larger,  doses  were  administered  to  rabbits 
on  a  diet  of  carrots.  Salant  and  Wise  (1918)  demonstrated  the 
protective  action  of  diet  against  zinc  malate  poisoning.  The  rab- 
bits which  received  an  exclusive  carrot  diet  exhibited  a  decidedly 
greater  resistance  to  zinc  poisoning  than  those  which  were  fed  oats 
alone.  The  glycosuria  and  albuminuria  were  also  frequently  absent 
in  the  carrot-fed  rabbits.  Salant  and  Swanson  (1918)  published 
further  articles  on  the  influence  of  diet  on  the  toxicity  of  sodium 
tartrate  and  the  protective  action  of  diet  against  tartrate  nephritis. 
Rabbits,  cats,  and  rats  were  used  as  experimental  animals.  The 
sodium  tartrate  was  administered  subcutaneously.  The  diets 
arranged  in  order  of  their  protective  value  are  as  follows:  For 
rabbits,  carrot  leaves,  young  carrots,  sweet  potatoes,  table  beets, 
sugar  beets,  winter  carrots,  cabbage,  hay,  oats,  and  glucose. 
Starved  rabbits  showed  the  least  resistance.  The  effect  of  diet  in 
tartrate  poisoning  in  cats  and  rats  was  not  constant.  Cats  showed 
a  decreased  resistance  when  starved.  Carbonates  increased  resis- 
tance probably  by  the  neutralization  of  organic  acids  in  the  blood. 
They  concluded  that  the  favorable  effects  of  some  diets  on  the 
toxicity  of  tartrates  might  be  due  to  several  factors,  among  them 
inhibition  of  bacterial  activity  in  the  intestines,  vitamines,  or  un- 
known constituents  that  might  be  present  in  some  diets.  The 
elimination  of  phenolsulphonephthalein  was  decidedly  inhibited  in 
rabbits  receiving  a  diet  of  oats  as  compared  with  those  on  a  carrot 
diet. 

Davis  and  Whipple  (1919)  published  a  series  of  articles  on  the 
liver  injury  effected  by  chloroform  anaesthesia  as  influenced  by 
fasting,  various  diets,  drugs,  and  chemical  agents.  They  clearly 
show  that  no  single  theory  so  far  advanced  will  explain  the  peculiar 
protective  action  of  certain  food  substances  against  the  liver  injury 
of  chloroform  anaesthesia.  And  further,  that  it  is  a  reaction  of  the 
liver  cells,  not  of  substances  circulating  in  the  blood  stream.  Dogs 
were  used  as  experimental  animals.  Maximal  liver  injury  was 
obtained  when  tlu'  animals  were  starved  or  placed  on  a  fat  diet. 
Sugar,  and  diets  rich  in  carbohydrates  when  fed  in  the  days  pre- 
ceding (chloroform  anaesthesia  exerted  a  marked  protective  action 
against  liver  injury.  Skeletal  muscle  and  heart  muscle  had  a  slight 
protective  action  while  kidney,  liver,   and  brain  exerted  a  consid- 
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erable  amount  of  protection.  Desiccated  thyroid,  given  alone,  or 
in  combination  with  foods  did  not  modify  the  expected  chloroform 
injury.  Glucose,  or  cream,  given  intravenously  during  chloroform 
anaesthesia  did  not  modify  the  effect  of  the  drug  on  a  starved  ani- 
mal. Epinephrin,  given  either  subcutaneously  or  intramuscularly, 
and  quinine  sulphate  when  administered  in  the  days  preceding 
chloroform  exerted  a  marked  protective  action  against  liver  injury. 
They  point  out  that  these  facts  should  not  be  lost  sight  of  in  the 
management  of  human  cases  in  which  chloroform  is  indicated. 
They  reconamend  liberal  amounts  of  carbohydrates  and  milk  for  at 
least  two  days  preceding  the  anaesthesia  and  emphasize  the  fact  that 
it  is  dangerous  to  give  chloroform  to  man  or  animal  whenever  a 
fasting  period  has  preceded  the  administration  of  the  anaesthetic. 
Voegtlin,  Hooper  and  Johnson  (1920)  published  experiments  which 
seem  to  indicate  that  dogs  on  a  mixed  or  meat  diet  are  more  resist- 
ant to  trinitrotoluene  poisoning  than  animals  fed  on  bread  and 
milk.  The  animals  fed  on  bread  and  milk  as  a  rule  showed  a  more 
acute  and  severe  anaemia  and  died  sooner. 

EXPERIMENTAL, 

Approximately  all  the  deaths  due  to  arsphenamine  poisoning  in 
rats  occur  within  two  days  after  the  injection.  Many  of  the  animals 
die  within  12  hours  and  show  a  characteristic  pathological  picture. 
The  lungs  are  usually  distended,  congested,  oedematous  and  may 
contain  petechiae.  The  right  heart  is  dilated.  The  liver,  spleen, 
kidneys  and  the  mucosa  of  the  small  intestine  are  usually  engorged. 
Frequent  interstitial  hemorrhages  are  also  found  in  the  kidneys. 
The  most  characteristic  and  constant  pathological  finding  in  rats 
that  die  on  the  second  day  is  the  necrosis  of  the  epithelial  lining  of 
the  uriniferous  tubules.  Central  hyaline  necrosis  of  the  liver  lobules 
may  occur  but  this  is  extremely  rare  (only  10  animals  in  over  600 
injected).  The  detailed  pathological  findings  will  be  described 
later  and  compared  with  those  found  in  animals  poisoned  with 
neoarsphenamine  and  p-oxy-m-amino-phenyl-arsenoxide. 

Tables  A,  B,  and  C  briefly  summarize  the  results  obtained  in  the 
feeding  and  fasting  experiments.  Table  A  shows  the  percentage  of 
rats  that  died  within  two  days,  Table  B  shows  the  percentage  of 
rats  that  died  acutely  within  12  hours,  and  Table  C  shows  the  per- 
centage of  rats  that  lived  12  hours  or  longer  and  showed  kidney 
necrosis.  In  order  to  place  the  experiments  on  a  quantitative 
basis,  the  doses  given  in  the  tables  represent  the  number  of  cubic 
centimeters  of  a  1/100  arsenic  equivalent  solution  per  kilo  body 
weight.  Ten  c.  c.  1/100  arsenic  equivalent  solution  contained  24.88 
mg.  arsphenamine.  From  9  to  43  rats  were  injected  with  each  dose 
given  in  the  tables.     Careful  necropsies  were  made  on  all  the  animals 
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and  the  tissues  sectioned  and  stained.  The  bread,  rolled  oats  and 
milk  diet  contained  approximately  65  percent  carbohydrate,  22  per 
cent  protein,  and  13  per  cent  fat.  The  lean  beef  heart  diet  contained 
approximately  90  per  cent  protein  and  10  per  cent  fat.  The  rats  on 
the  40  per  cent  saccharose  solution  consumed  from  12  to  15  c.  c.  daily. 
For  the  individual  animal  protocols,  see  Appendix  Tables  1-25. 

Table  A. — Arsphenamine  {sodium  salt)  intravenously — The  influence  of  various  diets 
and  fasting  on  its  toxicity — Percentage  of  rats  that  died. 

[The  numbers  within  the  brackets  represent  the  number  of  rats  used  in  the  series.] 


Three-day  fast 

Three  days  on  40  per  cent 
saccharose  solution 

Six  days  on  lean  beef  heart . . 

Six  days  on  bread,  rolled 
oats,  and  milk 


Dose  expressed  in  c.  c.  per  kilo  (1/100  arsenic  equivalent  solution). 


lOc.c.    20C.C.    30C.C.    35C.C.    40  c.  c.    50c.c.    55c.c.    60c.c.    70c.c 


Per  ct. 
12  [17] 


Per  ct. 
9  [23] 

32  [28] 
0[10] 

0[15] 


Per  ct. 
20  [10] 

59  [27] 
0[15] 

0[13] 


Per  ct. 


0[14] 
0    [9] 


Per  ct. 
46  [24] 

63  [43] 
42  [26] 

0[15] 


Per  ct. 
90  [10] 

69  [13] 
48  [25] 

37  [19] 


Per  ct. 


50  [20] 
60  [20] 


Per  ct. 


100  [10] 
89  [18] 


Per  ct. 


100  [10] 


Table  B. — Arsphenamine  (sodium  salt)  intravenously. —  The  influence  of  various  diets 
and  fasting  on  the  acute  reaction — Percentage  of  rats  that  died  acutely  and  within  12 
hours  after  the  injection. 

[The  ntunbers  within  the  brackets  represent  the  number  of  rats  used  in  the  series.] 


Dose  expressed  in  c.  c.  per  kilo  (1/100  arsenic  equivalent  solution). 

10c. c. 

20  c.  c. 

30  c.  c. 

35C.C. 

40  c.  c. 

50  c.  c. 

55C.C. 

60C.C. 

70C.C. 

Three-day  fast 

Per  ct. 
0[17] 

Per  ct. 
0[23] 

25  [28] 
0[10] 

0[15] 

Per  ct. 
20  [10] 

48  [27] 
0[15] 

0[13] 

Per  ct. 

■■o"[14]' 
0    [9] 

Per  ct. 

37  [24] 

54  [43] 

38  [26] 

0[15] 

Per  ct. 
70  [10] 

69  [13] 
36  [25] 

32  [19] 

Per  ct. 

Per  ct. 

Per  ct. 

Three  days  on  40  per  cent 
saccharose  solution 

Six  days  on  lean  beef  heart . . 

25  [20] 
60  [20] 

90  [10] 
72  [18] 

Six  days  on   bread,  rolled 
oats,  and  milk 

100  [10] 

Table  i). — Arsphenamine  {sodium  salt)  intravenously — The  influence  of  various  diets 
and  fasting  on  the  kidney  necrosis — Percentage  of  rats  that  lived  12  hours  or  longer  and 
showed  kidney  necrosis. 

[The  numbers  within  the  brackets  represent  the  number  of  rats  that  lived  12  hours  or  longer.    See  Table  B 

for  the  number  of  rats  used  in  each  series.] 


Throc-<lay  fast 

Three  days  on  40  per  cent 
sac(!haro.se  solution 

Six  days  on  loan  hccf  heart.. 

Six  days  on  bread,  rolled 
oats,  and  milk 


Dose  expressed  in  c.  c.  per  kilo  (1/100  arsenic  equivalent  solution). 


lOc.c.    20C.C.    30  c,  c.    35C.C.    40  c.  c.    50c.c.    55c.c.    GOc.c.    70c.c 


Per  ct. 
0[17] 


Per  cl. 
0. 9  [23] 

19  [21] 
0[10] 

0[15] 


Per  ct. 
50   [8] 

93  [14] 
0[15] 

Hi  [13] 


Per  ct. 


50  [14] 
22    [9] 


Per  cl. 
73  [15] 

70  [20] 
G3  [16] 

2()[lf,| 


Per  ct. 
100    [3] 

100    [4] 
88  [16] 

16  [13] 


Per  ct. 


93  [15] 

SS    [S] 


Per  ct. 


100   [1] 

SO  [r,i 


Per  ct. 
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It  is  seen  from  the  tables  that  the  animals  on  a  diet  of  white  bread, 
rolled  oats  and  milk  are  much  more  resistant  than  the  rats  fed  on  a 
diet  of  lean  beef  heart.  The  resistance  is  markedly  lowered  by 
feeding  40  per  cent  saccharose  solution  and  by  fasting.  For  example, 
compare  the  rats  that  received  40  c.  c.  1/100  arsenic  equivalent  solu- 
tion per  kilo  body  weight.  This  represents  100  mg.  of  the  drug  per 
kilo,  the  amount  60  per  cent  of  the  rats  are  required  to  tolerate  for 
two  days  in  the  official  method  for  testing  arsphenamine.  All  of 
the  rats  on  a  diet  of  bread,  rolled  oats  and  milk  survived  and  only 
20  per  cent  when  sacrificed  showed  kidney  necrosis.  The  necrosis 
was  very  slight.  (See  Appendix  Table  11.)  Of  the  rats  that  received 
a  beef  heart  diet,  42  per  cent  of  the  animals  died,  38  per  cent  with 
the  acute  reaction,  and  63  per  cent  showed  kidney  necrosis.  As  a 
rule,  from  one-fifth  to  two-thirds  of  all  the  kidney  tubules  were 
characteristically  necrotic.  Of  the  animals  that  were  fasted  for 
three  days,  46  per  cent  died,  37  per  cent  with  the  acute  reaction,  and 
73  per  cent  showed  kidney  necrosis.  The  severity  of  the  necrosis 
was  about  the  same  as  that  of  the  animals  on  a  beef  heart  diet.  Of 
the  animals  that  received  40  per  cent  saccharose  solution,  63  per 
cent  of  the  animals  died,  54  per  cent  with  the  acute  reaction  and  70 
per  cent  showed  kidney  necrosis.  The  kidney  necrosis  was  extensive 
and  the  edema  of  the  lungs  most  pronounced.  In  many  instances 
the  pleural  cavities  were  filled  with  fluid. 

We  do  not  wish  to  venture  a  hypothesis  to  explain  the  fact  that 
sugar  feeding  alone  does  not  protect  rats  against  arsphenamine 
poisoning. 

B.    STANDARDIZATION   OF   THE   RAT   FOR   THE    BIOLOGICAL   TESTING 

OF   DRUGS. 

In  the  official  method  for  testing  arsphenamine,  it  is  required  that 
white  rats  weighing  100  to  150  gm.  shall  tolerate  100  mg.  of  the  drug 
per  kilo  body  weight  for  48  hours  when  given  intravenously  as  a  2 
per  cent  alkaline  solution,  0.9  c.  c.  of  normal  sodium  hydrate  being 
used  for  100  mg.  of  arsphenamine.  It  is  further  required  that  the 
rate  of  injection  shall  be  12  to  15  seconds  for  every  0.1  c.  c.  of  solu- 
tion. It  is  also  stated  in  the  regulations  that  the  rats  should  be  fed 
on  a  weU-balanced  ration  of  white  bread,  cracked  corn,  cow's  milk, 
and,  in  addition,  twice  weekly,  fresh  beef  and  cabbage.  An  adequate 
supply  of  fresh,  clean  water  should  be  provided  at  all  times.  The 
rats  should  have  no  access  to  food  for  from  18  to  12  hours  preceding 
the  injection,  though  water  should  be  supplied  during  this  time. 
During  the  period  of  observation  following  the  injection,  the  rats 
should  be  fed  on  the  same  mixed  diet  as  described  above. 

We  wish  to  emphasize  that  accurate  diet  control  is  fully  as  impor- 
tant as  the  amount  of  drug  which  may  be  tolerated.     The  mixed 
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diet  of  white  bread,  rolled  oats  and  whole  milk  used  in  our  experi- 
ments was  in  the  proportion  of  1,  1,  to  3.  It  was  thoroughly  mushed 
together  in  a  hashing  machine  so  that  the  rats  were  compelled  to 
eat  the  mixture.  The  animals  were  fasted  for  17  hours  before  begin- 
ning the  diet,  when  the  initial  weights  were  recorded.  At  the  end 
of  six  days  they  were  again  fasted  for  from  18  to  22  hours  when  the 
final  weights  were  recorded.  Fresh  water  was  supplied  at  all  times. 
The  final  weights  were  used  for  computing  the  doses  of  the  drug. 
Young  rats  weighing  between  75  and  125  gm.  gain  on  the  average  6 
per  cent  during  the  six  days.  If  the  rats  lose  weight  during  the 
period  it  is  evident  that  they  are  pathological  and  therefore  should 
not  be  used  for  testing  the  drug. 

C.    THE     COMPARATIVE     TOXICITY     OF     ARSPHENAMINE,    NEOARSPHEN- 
AMINE   AND   PARA-OX Y-META-AMINO-PHENYL-ARSENOXIDE. 

Differences  in  the  toxicity  of  various  arsenic  preparations  have 
been  explained  by  Voegtlin  and  Smith  (1920)  on  the  hypothesis  that 
they  must  be  changed  to  one  type,  namely,  the  trivalent  oxides 
RAsO  before  exerting  their  principle  toxic  action  either  upon  proto- 
zoal parasites  or  upon  the  tissues  of  the  host.  They  have  pointed  out 
that  the  other  forms,  such  as  arsenobenzol  derivatives,  RAs=AsR, 
and  pentavalent  arsenicals,  IlAs(0)(0H)2,  are  without  direct  inju- 
rious action  except  as  they  are  converted  by  oxidation  or  reduction, 
respectively,  into  the  trivalent  oxide  tvpe: 

RAs=AsIl >  RAsO  < RAs 0 

Accordingly,  p-oxy-m-amino-phenyl-arsenoxide  would  represent  the 
active  trivalent  oxide  of  arsphenamine.  Furthermore,  it  is  con- 
cluded that  the  nature  and  rate  of  oxidation  of  arsphenamine  and 
neoarsphenamine  to  the  corresponding  oxides  furnish  an  explana- 
tion of  the  increase  in  toxicity  and  trypanocidal  activity  of  these 
compounds,  when  their  solutions  are  exposed  to  air. 

Ehrlich  (1913)  observed  that  the  toxicity  of  a  slightly  alkaline 
aqueous  solution  of  arsphenamine  or  an  aqueous  solution  of  neo- 
arsphenamine increases  rapidly  when  kept  in  contact  with  air. 

Roth  (1920),  among  other,  things,  found  that  shaking  aqueous 
solutions  of  neoarsphenamine  or  alkalinized  arsphenamine  in  the 
presence  of  air  increases  their  toxicity  markedly.  Shaking  neoars- 
phenamine solution  with  air  for  10  minutes  increased  the  toxicity 
over  400  per  cent. 

With  the  above  facts  in  mind,  it  was  decided  to  compare  arsphen- 
amine, neoarsphenamine,  and  p-oxy-m-amino-phenyl-arsenoxide  path- 
ologically on  a  quantitative  basis.    The  diet  was  controlled  by  plac- 
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ing  the  rats  on  a  diet  of  bread,  rolled  oats  and  milk  for  six  days  before 
making  the  injections.  The  animals,  311  in  all,  were  carefully 
necropsied  and  tissues  sectioned  and  stained.  (See  Appendix  for 
other  experimental  methods.)  The  individual  animal  protocols  may 
be  found  in  the  Appendix  Tables  8  to  15  and  26  to  38. 

Necrosis  of  the  Iddney  parenchyma  has  been  found  to  be  the  most 
constant  lesion  common  to  all  tliree  drugs  and  has  been  used  by  us 
to  compare  the  toxicity  of  the  drugs  pathologically. 

Table  D  shows  clearly  that  p-oxy-m-amino-phenyl-arsenoxide  is 
by  far  more  toxic  to  the  kidney  than  either  neoarsphenamine  or 
arsphenamine.  Arsphenamine  is  the  least  toxic  of  the  three  drugs 
when  compared  on  an  arsenic  equivalent  basis.  4  c.  c.  1/100  arsenic 
equivalent  solution  of  p-oxy-m-amino-phenyl-arsenoxide  per  kilo 
body  weight  produces  kidney  necrosis,  while  it  takes  20  c.  c.  of 
neoarsphenamine  and  30  c.  c.  of  arsphenamine.  It  may  be  said, 
therefore,  that  p-oxy-m-amino-phenyl-arsenoxide  is  Rve  times  more 
toxic  to  the  rat  kidney  than  neoarsphenamine,  and  seven  and  one-half 
times  more  toxic  than  arsphenamine.  Further,  it  is  shown  that 
neoarsphenamine  is  50  per  cent  more  toxic  to  the  rat  kidney  than 
arsphenamine.  It  should  also  be  emphasized  that  the  dose  of 
neoarsphenamine  required  to  cause  kidney  necrosis  in  the  rat  on  the 
ideal  diet  of  bread,  rolled  oats,  and  milk  is  only  five  times  as  large  as 
the  dose  ordinarily  used  clinically,  while  the  dose  of  arsphenamine 
required  is  almost  eight  times  as  large. 

Table  E  gives  a  clear-cut  picture  of  the  death  rate  of  animals  on  a 
constant  diet.  Roth  (1920)  compared  the  toxicity  of  arsphenamine 
and  neoarsphenamine  on  about  1,400  rats.  He  observed  that  approx- 
imately all  the  deaths  due  to  arsphenamine  occur  within  two  days 
after  the  injection  and  those  from  neoarsphenamine  within  five  days. 
Accordingly,  our  rats  were  sacrificed  after  the  periods  stated  by  Roth, 
so  that  the  pathology  of  the  tissues  could  be  studied. 

Table  F  shows  the  percentage  of  rats  that  died  acutely.  Usually 
the  acute  deaths  following  the  injection  of  arsphenamine  and  p-oxy- 
m-amino-phenyl-arsenoxide  were  characterized  by  distention,  con- 
gestion, edema,  and  petechiae  of  the  lungs,  with  dilatation  of  the 
right  heart,  and  congestion  of  the  abdominal  viscera.  The  acute 
deaths  following  p-oxy-m-amino-phenyl-arsenoxide  were  also  inva- 
riably accompanied  by  a  marked  increase  in  the  pleural  fluid.  Fol- 
lowing the  intravenous  injection  of  neoarsphenamine  the  acute  deaths 
were  associated  with  severe  bleeding  from  the  site  of  injection  or 
with  other  inexplicable  accidents.  There  was  no  distention  or  edema 
of  the  limgs  and  the  pleural  fluid  was  not  increased.  These  results 
are  in  harmony  with  those  of  Jackson  and  Smith  (1918).  These 
authors  conclusively  demonstrated  by  pharmacological  experiments 
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on  dogs  that  either  acid  or  alkaline  solutions  of  arsphenamine  given 
intravenously  in  toxic  doses  produce  a  very  marked  and  prolonged 
rise  in  the  pulmonary  blood  pressure,  a  rise  that  may  be  100  per  cent 
above  the  normal.  In  a  later  paper  by  Smith  (1920)  it  was  shown 
that  p-oxy-m-amino-phenyl-arsenoxide  affected  the  pulmonary  blood 
pressure  in  a  manner  quite  comparable  with  that  of  a  solution  of 
arsphenamine  of  corresponding  strength.  Neoarsphenamine,  in  the 
same  concentration  and  the  same  rate  of  injection  was  without 
effect  on  the  pulmonary  blood  pressure.  Jackson  and  Raap  (1920) 
have  further  shown  that  good  preparations  of  arsphenamine  have 
almost  no  direct  action  on  the  bronchial  musculature  of  the  dog. 

In  conclusion,  it  should  be  emphasized  that  the  dose  of  arsphena- 
mine required  to  produce  the  acute  lung  picture  with  death  in  rats 
on  a  bread,  rolled  oats,  and  milk  diet  is  12  times  greater  than  the  dose 
used  clinically. 

D.  COMPARISON  OF  KIDNEY  LESIONS  PRODUCED  BY  ARSPHENAMINE, 
NEOARSPHENAI^ONE  AND  PARA-OXY-META-AMINO-PHENYL-ARSEN- 
OXIDE. 

In  general  the  kidney  lesions  produced  by  arsphenamine  and  neo- 
arsphenamine  in  rats  agree  with  those  described  by  Pearce  and 
Bro%vn  (1915)  for  dogs  and  guinea  pigs.  We  have  found  the  lesions 
produced  by  p-oxy-m-amino-phenyl-arsenoxide  to  be  of  the  same 
general  type. 

The  kidneys  of  rats  that  are  killed  acutely  with  arsphenamine  or 
p-oxy-m-amino-phenyl-arsenoxide  are  usually  red.  Microscopically, 
the  blood  vessels  are  engorged  and  interstitial  hemorrhages  are  fre- 
quent in  the  boundary  zone  of  the  medulla.  The  kidneys  of  rats  that 
die  after  12  to  24  hours  are  swollen  and  show  opaque,  yellowish-white 
striations  representing  tubular  necrosis.  Microscopically,  the  essen- 
tial feature  is  the  tubular  necrosis.  After  a  large  dose  of  the  drug 
from  one-third  to  two-thirds  of  all  the  kidney  tubules  may  contain 
necrotic  parenchyma  cells.  The  cells  are  swollen,  desquamated,  and 
appear  as  pink-staining  hyaline  masses.  The  nuclei  have  either 
disappeared  or  remain  as  pycnotic,^  deeply  stained  bodies.  In  many 
of  the  tubules  the  entire  epithelium  may  be  destroyed  and  appear 
as  homogeneous  pink-staining,  slightly  granular  masses.  The  dis- 
tribution of  the  tubules  containing  necrotic  cells  may  be  very  irreg- 
ular. Tubules  in  the  outer  cortex,  inner  cortex,  and  the  boundary 
zone  of  the  medulla  may  be  affected.  For  p-oxy-m-amino-phenyl- 
arsenoxide,  the  most  frequent  site  is  the  inner  cortex  and  boundary 
zone  of  the  medulla.  Usually  the  glomeruli  are  large.  The  tufts 
well  fill  the  capsular  spaces  and  do  not  appear  especially  abnormal. 

*  Condensod  or  rerlnced  in  si/.o.. 
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Edema  of  the  labyrinth  occurs  infrequently.     The  collecting  tubules 
frequently  contain  casts. 

The  changes  produced  in  the  kidney  by  neoarsphenamine  are  far 
more  severe  when  compared  with  those  produced  by  the  same  arsenic 
equivalent  dose  of  arsphenamine.  In  gross,  the  kidneys  are  enlarged, 
swollen,  opaque,  and  pale.  Microscopically,  the  tubular  necrosis  is 
the  most  characteristic  feature.  Calcification  of  the  necrotic  cells  is 
frequent.  Here  again  the  distribution  of  the  necrosis  may  be  very 
irregular,  affecting  tubules  in  any  portion  of  the  cortex,  or  the 
tubules  in  the  boundary  zone  of  the  medulla.  The  glomeruli  are 
usually  large.  The  tufts  may  well  fill  the  capsular  spaces  or  they 
may  be  small  and  appear  compressed  by  an  abundant  albuminous 
precipitate  in  the  capsular  spaces.  The  tuft  vessels  usually  contain 
endothelial  cells  and  an  increased  number  of  poljnnorphonuclear 
leucocytes  within  their  lumina.     The  collecting  tubules  contain  casts. 

Experiments  with  Dogs. 

a.  kidney   lesions   produced   by  arsphenamine,   neoarsphena- 
mine  the  influence  of  mercury. 

These  experiments  were  undertaken  by  Dr.  Kolls  in  order  to  study 
the  influence  of  various  doses  of  arsphenamine  upon  the  function  of 
the  kidneys.  The  disodium  salt  of  the  drug  was  used  for  the  major 
portion  of  the  work,  but  the  monosodium  salt,  the  dihydrochloride, 
as  well  as  neoarsphenamine,  were  also  employed.  The  dog  was 
chosen  as  the  most  desirable  species  for  the  experiments.  Observa- 
tions were  continued  over  a  considerable  period  in  order  to  determine 
the  presence  or  absence  of  chronic  lesions.  It  was  deemed  probable 
that,  if  conditions  could  be  found  under  which  a  degree  of  renal 
insufficiency  could  be  produced  at  will,  even  if  it  were  temporary,  a 
means  would  be  at  hand  for  the  study  of  the  effect  of  various  pro- 
phylactic and  therapeutic  measures  upon  the  course  of  the  lesion. 
It  was  also  thought  important  to  correlate  the  observations  made 
with  the  actual  histology  of  the  organ,  and  to  this  end  the  animals 
were  necropsied  and  the  organs  studied  pathologically.  Finally  an 
attempt  was  made  to  determine  what  influence  the  administration 
of  mercury  in  various  forms  and  by  various  routes  would  have  on 
the  course  of  the  lesion.  The  detailed  report  of  the  urine  and  blood 
findings  will  be  published  later. 

In  brief  it  may  be  said  that  all  the  animals  receiving  50  mg.  disodium 
arsphenamine  per  kilo  survived.  This  dose  invariably  caused  albumi- 
nuria and  the  appearance  of  casts  in  most  instances.  The  function 
of  the  kidneys  as  judged  by  the  reduction  in  quantity,  the  excretion 
of  urea,  creatinine  and  phenolsulphonephthalein  was  not  always 
impaired,  the  same  animal  reacting  quite  differently  to  the  same  dose 
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when  repeated.  With  one  exception,  all  animals  receiving  75  to  100 
mg.  per  kilo  died  (see  Appendix,  dog  protocols  1  to  9) .  It  will  be 
noted  from  the  protocols  that  where  the  kidney  function  is  depressed 
it  remains  so  for  only  a  few  days.  In  no  case  was  the  secretion 
completely  suppressed.  The  doses  that  proved  fatal  did  not  cause 
any  grave  immediate  change  in  renal  efficiency.  The  late  symptoms 
of  the  intoxication  are  those  of  profound  shock,  subnormal  tem- 
perature, cyanosis,  rapid  and  shallow  respiration,  low  blood  pressure, 
and  feeble  pulse.  Four  of  the  animals  developed  definite  icterus 
accompanied  by  extensive  central  hyaline  liver  necrosis. 

The  recoveries  from  sublethal  doses  are  apparently  permanent. 
Chronic  nephritis  was  not  produced  in  a  single  instance.  The 
excretion  of  phenolsulphonephthalein  was  normal,  and  the  urea  of 
the  blood  remained  at  the  original  level.  Albuminuria  often  per- 
sisted, but  was  due  in  all  probability  to  the  cystitis  set  up  by  the 
daily  catheterization.  Occasionally  a  few  hyaline  casts  were  seen 
in  the  centrifugated  specimens.  These  are  of  little  significance  in 
the  urine  of  the  dog.  Evans,  Wynne,  and  Whipple  (1912)  have 
conclusively  demonstrated  that  catheterization  of  the  dog's  bladder 
is  followed  by  a  reflex  albuminuria  and  hyaline  casts. 

The  two  animals  that  received  100  mg.  neoarsphenamine  per  kilo 
and  were  sacrificed  after  three  weeks  showed  a  surprising  amount  of 
renal  disturbance.  In  both  instances  a  prolonged  renal  depression 
followed,  and  at  necropsy  the  kidneys  showed  subacute  diffuse 
nephritis  (see  Appendix,  dog  protocols  23  and  26). 

The  administration  of  mercury  in  doses  corresponding  to  thera- 
peutic doses  in  man  apparently  does  not  materially  increase  the 
severity  of  the  renal  injury  produced  by  arsphenamine.  Further- 
more, the  kidney  injury  produced  by  toxic  doses  of  mercuric  cliloride 
is  not  greatly  influenced  by  arsphenamine  (see  Appendix,  dog  proto- 
cols 11,  12,  14,  16,  and  18  to  21). 

B.   LIVER   NECROSIS    WITH     JAUNDICE. 

As  stated  above,  four  of  the  dogs  receiving  disodium  arsphenamine 
intravenously  developed  definite  j  aundicc  accompanied  by  extensive 
central  liver  necrosis  (see  Appendix,  dog  protocols  2,  3,  8,  and  9). 
The  dogs  received  a  diet  of  medium  fat  beef  preceding  the  adminis- 
tration of  the  arsphenamine.  They  were  given  a  single  dose  of  from 
65  to  100  mg.  per  kilo  and  died  either  on  the  third  or  the  fifth  day 
following  the  injection.  The  necropsies  showed  extensive  central 
liver  necrosis,  in  some  instances  comparable  with  acute  yellow 
atrophy.  The  livers  were  swollen  and  quite  fatty  in  appearance. 
The  capsules  were  thin.  On  cross  section  the  lobules  were  sharply 
outlined  witli  di'cp  red  centc^rs  and  opaque  yellowish-brown  peripher- 
ies.    Tlie  gall  bladder  and  bile  du(;ts  were  normal.     Microscopically, 
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there  was  an  extensive  central  necrosis.  From  one-third  to  four- 
fifths  of  the  Hver  cells  surrounding  the  efi[erent  veins  were  killed  and 
appeared  as  pink-staining  hyaline  masses.  These  areas  contained  a 
great  many  wandering  cells  and  red  blood  cells.  The  liver  cells 
about  the  portal  areas  were  swollen  and  contained  many  fat  droplets 
(fat  stain,  osmic  acid) .     The  bile  ducts  were  unchanged. 

C.    MECHANISM  OF  THE  JAUNDICE  FOLLOWING  THE  ADMINISTRATION  OF 
ARSPHEN AMINE    AND   NEOARSPHEN AMINE. 

We  do  not  wish  to  enter  upon  the  consideration  as  to  whether  the 
jaundice  following  the  administration  of  arsphenamine  or  neoars- 
phenamine  to  syphilitic  patients  is  due  to  the  disease  or  to  the 
drug.  We  submit  experiments  on  dogs,  which  show  conclusively 
that  arsphenamine  itself  is  capable  of  causing  jaundice  with  liver 
necrosis  in  some  instances  comparable  with  acute  yellow  atrcphy. 
The  type  of  necrosis  is  essentially  the  same  as  that  described  for 
chloroform  poisoning  by  Whipple  and  Sperry  (1909),  except  that 
the  necrotic  areas  contain  a  greater  number  of  red  blood  cells. 

General  Summary. 

The  pathology  of  experimental  arsphenamine,  neoarsphenamine 
and  p-oxy-m-amino-phenyl-arsenoxide  poisoning  is  described  on  a 
quantitative  basis. 

Starved  animals  and  those  fed  sugar  alone  in  the  days  preceding 
the  intravenous  administration  of  sodium  arsphenamine  are  very 
susceptible  to  arsphenamine  poisoning.  A  maximal  kidney  injury 
is  to  be  expected. 

A  diet  of  white  bread,  rolled  oats,  and  whole  milk  greatly  increases 
the  resistance  and  exerts  a  marked  protective  action  against  the 
kidney  injury. 

A  method  is  proposed  for  the  standardization  of  the  rat  for  the 
biological  testing  of  drugs.  Accurate  diet  control  in  the  days  pre- 
ceding the  administration  of  the  drug  is  fully  as  important  as  the 
amount  of  drug  which  may  be  tolerated.  Animals  unfit  for  the 
test  may  be  detected  by  following  the  weight  curves. 

Neoarsphenamine  is  much  more  toxic  to  the  rat  and  dog  kidney  than 
sodium  arsphenamine.  The  kidney  injury  produced  by  arsphena- 
mine is  transient,  while  that  caused  by  neoarsphenamine  may  be 
permanent. 

Para-oxy-meta-amino-phenyl-arsenoxide  has  been  found  to  be 
five  times  more  toxic  to  the  rat  kidney  than  neoarsphenamine  when 
compared  on  an  arsenic  equivalent  basis  and  seven  and  one-half 
times  more  toxic  than  sodium  arsphenamine. 

Administration  of  mercury  in  doses  corresponding  to  therapeutic 
doses  in  man  apparently  does  not  materially  increase  the  severity  of 
the  renal  injury  produced  by  arsphenamine. 
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Lethal  doses  of  sodium  arsphenamine  administered  intravenously 
to  dogs  on  a  diet  of  medium  fat  beef  may  be  followed  by  jaundice  and 
liver  necrosis  in  some  instances  comparable  with  acute  yellow  atrophy. 

Arsphenamine  and  neoarsphenamine  react  differently  in  the  animal 
organism  and  should  not  be  considered  as  one  and  the  same  com- 
pound. 

Good  preparations  of  arsphenamine  and  neoarsphenamine  when 
administered  in  doses  corresponding  to  those  ordinarily  used  clinically 
are  harmless  to  the  normal  animal  organism. 
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APPENDIX. 

1.  METHODS  USED  FOR  THE  EXPERIMENTS  ON  RATS. 

(a)  Compounds  of  arsenic. — The  arsphenamine  (H62  Metz)  and 
the  neoarsphenamine  (A77  Metz)  were  cominercial  preparations 
which  passed  the  official  standard  for  toxicity  at  100  and  200  mg., 
respectivel}^.  The  observed  arsenic  content  according  to  the 
Lehmann  method  (1912)  was  30.17  percent  for  the  arsphenamine  and 
19.07  per  cent  for  the  neoarsphenamine.  The  p-oxy-m-amino- 
phenyl-arsenoxide  was  prepared  for  us  by  Dr.  J.  M.  Johnson  of  this 
laboratory.  The  observed  arsenic  content  of  this  compound  was 
28.0  per  cent. 

(J))  Preparation  of  solutions. — ^Aqueous  solutions  of  the  sodium 
salts  were  used.  The  solutions  were  made  up  immediately  before 
each  experiment  in  a  10  c.  c.  volumetric  flask  with  freslily  glass-dis- 
tilled water.  Shaking  was  strictly  avoided  and  as  a  rule  the  solu- 
tions were  used  within  30  minutes.  The  arsphenamine  solutions  were 
alkalinized  with  normal  sodium  hydrate  slightly  beyond  the  clearing 
point;  1/10  arsenic  equivalent  solutions  of  arsphenamine  and  neo- 
arsphenamine were  used  for  the  injections.  For  the  p-oxy-m- 
amino-phenyl-arsenoxide  a  1/50  arsenic  equivalent  solution  was 
used;  1/10  arsenic  equivalent  solutions  of  the  arsphenamine  and  the 
neoarsphenamine  equal  2.49  per  cent  and  3.93  per  cent  solutions, 
respectively.  A  1/50  arsenic  equivalent  solution  of  ^^arsenoxide" 
is  equal  to  a  0.54  per  cent  solution. 

(c)  Dose  of  the  drug. — In  order  to  place  the  experiments  on  a 
quantitative  basis  the  doses  given  in  the  tables  represent  the  number 
of  cubic  centimeters  of  a  1/100  arsenic  equivalent  solution  per  kilo 
body  weight;  10  c.  c.  1/100  arsenic  equivalent  solution  contained 
24.88  mg.  arsphenamine,  39.33  mg.  neoarsphenamine,  or  26.78  mg. 
p-oxy-m-amino-phenyl-arsenoxide. 

(d)  Method  and  rate  of  injection. — All  of  the  injections  were  made 
into  the  saphenous  vein  by  means  of  a  1  c.  c.  syringe  accurately 
graduated  to  0.01  c.  c.  The  same  syringe  was  used  throughout  the 
entire  investigation.  The  rate  of  injection  was  from  12  to  15  seconds 
for  each  0.1  c.  c.  of  solution. 

(g)  Dietary  conditions  and  care  of  animals. — Four  series  of  animals 
were  used  for  the  arsphenamine  experiments.  The  first  series  was 
placed  on  a  diet  of  boiled  lean  beef  heart  for  six  days  before  the 
injections.  The  second  series  received  a  diet  of  white  bread,  roUed 
oats,  and  whole  milk  in  the  proportion  of  1,  1  to  3.     It  was  thor- 
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oughly  mushed  together  in  a  hashing  machine  and  given  for  six 
days  before  the  injections.  The  third  series  was  given  40  per  cent 
saccharose  solution  for  three  days  before  the  injections.  The  fourth 
series  was  fasted  for  three  days  before  the  injections. 

The  rats  that  were  used  for  the  neoarsphenamine  and  p-oxy-m- 
amino-phenyl-arsenoxide  experiments  received  white  bread,  rolled 
oats,  and  milk  in  the  proportions  given  above  for  six  days  before 
the  injections. 

Il3  all  cases,  when  the  animals  were  fed,  an  excess  of  the  diet  was 
provided.  An  adequate  supply  of  fresh  water  was  given  to  all  the 
rats  except  those  on  40  per  cent  saccharose  solution. 

The  animals  were  kept  in  metal  cages  provided  with  a  one-half  inch 
wire  mesh  floor  to  prevent  the  consumption  of  feces  and  sawdust. 

The  weight  of  the  rats  varied  as  a  rule  from  75  to  125  gm.  The 
rats  were  fasted  for  17  hours  before  beginning  the  diet  when  the 
initial  weights  were  recorded.  They  were  again  fasted  for  from  18  to 
22  hours  immediately  before  the  injection  when  the  final  weights 
were  recorded.  Water  was  supplied  during  each  of  the  fast  periods. 
The  final  weights  were  used  for  computing  the  doses  of  the  drug. 
The  rats  on  the  bread,  rolled  oats,  and  milk  diet  gained  on  the  average 
6  per  cent,  those  on  beef  heart  lost  5  per  cent,  those  on  40  per  cent 
sacchrose  lost  6.7  per  cent,  and  the  rats  that  were  fasted  for  three 
days  lost  13  per  cent.  During  the  period  of  observation  following 
the  injection  the  rats  were  fed  on  the  same  diet  as  before. 

The  rats  that  received  arsphenamine  and  p-oxy-m-amino-phenyl- 
arsenoxide  were  sacrificed  after  two  days.  Those  that  received 
neoarsphenamine  were  sacrificed  after  ^ve  days.  Careful  necropsies 
were  made  on  all  animals. 

2.    HISTOLOGICAL   EXAMINATION   OF   TISSUES. 

For  histological  detail,  the  tissues  were  fixed  in  Zenker-formalin 
fluid,  washed  thoroughly  in  running  water,  hardened  in  alcohol,  cut 
in  paraffin,  and  sections  stained  with  hematoxylin  and  eosin.  The 
term  Zenker-formalin  fluid  is  used  to  indicate  Zenker's  fluid  without 
the  acetic  acid  to  which  10  per  cent  of  neutral  4  per  cent  formaldehyde 
solution  is  added  immediately  before  use. 

For  the  demonstration  of  fat,  small  pieces  of  tissue  were  fixed  in 
Muller's  fluid,  later  transferred  to  Marchi's  fluid  for  five  to  eight  days, 
washed  thoroughly  in  running  water,  hardened  in  alcohol,  cut  in 
paraffin,  sections  cleared  in  chloroform,  and  mounted  in  chloroform 
balsam. 

For  the  microchemical  demonstration  of  iron.  Perl's  reaction  was 
employed.  Tissues  fixed  in  formalin  and  cut  in  paraffin  were  sub- 
jected for  10  minutes  to  a  mixture  of  a  2  per  cent  solution  of  potassium 
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ferrocyanide,  one  part,  and  a  1  per  cent  solution  of  hydrochloric  acid, 
thi-ee  parts,  heated  to  60°  C,  after  which  the  sections  were  differen- 
tiated in  0.5  per  cent  hydrochloric  acid  solution  and  thoroughly 
washed  in  distilled  water.  The  sections  were  then  stained  with  0.5 
per  cent  aqueous  solution  of  neutral  red  for  three  minutes  and  counter- 
stained  with  aqueous  eosin. 

3.  METHODS    USED   FOR   THE    EXPERIMENTS    ON   DOGS. 

Medium  sized  female  dogs  were  used.  The  diet,  unless  otherwise 
noted,  was  400  gm.  medium  fat  raw  beef  and  400  c.  c.  water  daily 
(water  by  stomach  tube) .  In  one  series  the  water  was  not  controlled. 
The  animals  were  kept  in  metabolism  cages  and  the  urine  collected 
quantitatively.  Two  hours  before  the  termination  of  the  24-hour 
period  1  c.  c.  (6  mg.)  of  phenolsulphonephthalein  was  injected 
intramuscularly,  a  clean  bottle  placed  under  the  cage  and  the  animal 
catheterized  at  the  end  of  two  hours.  Exactly  one-half  of  the  2-hour 
specimen  during  the  phthalein  excretion  period  was  used  for  the 
quantitative  estimation  of  this  substance,  the  other  half  was  com- 
bined with  exactly  one-half  of  the  22-hour  collection  for  the  other 
procedures.  In  the  earlier  experiments  the  amount  of  chlorides, 
lu-ea,  and  creatinine  were  also  determined.  The  usual  tests  for 
albumen  were  made  and  if  it  occurred  in  quantity  the  Esbach  quan- 
titative method  was  employed.  The  specimens  were  also  examined 
for  bile  pigments  and  casts.  The  reserve  alkalinity  of  the  blood  was 
determined  by  the  method  of  Marriott  (1916),  and  the  urea  of  the 
blood  b}"  the  method  described  by  Folin  and  Wu  (1919). 

The  arsephenamine  and  neoarsphenamine  solutions  were  made  up 
from  commercial  samples  which  had  passed  the  official  biological  test 
for  toxicity.  The  serial  number  was  the  same  for  each  preparation. 
Nine-tenths  of  a  cubic  centimeter  of  normal  sodium  hydrate  was  used 
for  each  100  mg.  of  arsphenamine  dihydrochloride  for  the  formation 
of  the  disodium  salt.  The  injections  were  all  made  into  the  jugular 
vein  by  means  of  the  Woody  at  t  pump  (1917). 

[50  mg.  disodium  arsphenamine,  per  kilo,  intravenously.  Three  injections  at  the 
end  of  30,  60,  and  218  days  after  beginning  experiment.  All  injections  followed  by 
a  period  of  transient  depression  of  renal  function.  Chloroformed  after  233  days. 
Necropsy  entirely  negative.] 

Dog  1. — Adult  tan  and  white  terrier,  weight  9.6  kilos. 

February  17,  1919. — Observations  begun.  Dog  is  in  good  state  of  nutrition.  Some 
nasal  discharge.  Placed  on  400  gm.  medium  fat  beef  and  400  c.  c.  water  daily 
(water  by  stomach  tube). 

March  19. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.  Animal  vomited  small  amount  of  bile-stained  fluid. 
A  marked  depression  of  renal  function  resulted,  which  became  evident  on  the  day 
following  the  injection  and  lasted  for  six  days.  Bile  pigments  were  present  in  the 
urine  on  the  first  day.  No  icterus.  Urine  contained  a  small  amount  of  albumen 
and  a  few  casts. 
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March  29. — Animal  apparently  normal.  No  icterus.  Urine  contains  a  few  casts 
and  a  small  amount  of  albumen.     Observations  discontinued. 

May  13. — Animal  is  in  good  condition.  Weight  11.6  kilos.  Placed  on  400  gm. 
lean  beef  and  400  c.  c.  water  daily  (water  by  stomach  tube). 

May  17. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Same  prepa- 
ration and  technique  as  above.  Vomited  at  end  of  injection.  Urine  contained 
increased  amount  of  albumen  on  the  second  day.     Recovery  uneventful. 

May  31. — Dog  is  apparently  normal.     Observations  discontinued. 

July  3-31. — Nothing  of  note  except  a  tendency  toward  albuminuria. 

September  3. — Animal  has  shown  some  loss  of  weight  in  the  past  month,  otherwise 
normal.     Water  given  ad  libitum  during  this  period. 

Septembei'  11. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Same 
preparation  and  technique  as  above.  Followed  by  depression  of  renal  function  for 
one  day  only.  A  tendency  toward  albuminuria  for  two  weeks.  Casts  were  not 
increased  in  number. 

October  2. — Animal  is  apparently  normal.  Weight  9.6  kilos.  Urine  contains  only 
a  trace  of  albumen  and  occasional  hyaline  casts.  Phenolsulphonephthalein  output 
is  over  60  per  cent  in  two  hours.  Blood  urea  determinations  do  not  indicate 
retention. 

October  6. — Dog  in  excellent  condition.     Weight  9.4  kilos.     Killed  with  chloroform. 

Necropsy. — Animal  is  well  nom'ished.  No  icterus.  Subcutaneous  fat  is  normal  in 
color.  Thyroids  are  normal  in  gross  and  in  sections.  The  serous  cavities  are  normal. 
Heart  and  lungs  are  normal.  Spleen  is  normal  in  gross.  Microscopically  the  pulp 
contains  a  few  phagocytes  loaded  with  a  coarsely  granular  yellowish-brown  pigment. 
Stomach  and  intestines  are  normal.  Liver  is  normal  in  size.  On  section  the  centers 
of  the  lobules  are  somewhat  opaque  and  yellowish-brown  in  color,  the  peripheries 
are  translucent  reddish-brown.  Microscopically  the  liver  cells  immediately  sur- 
rounding the  central  veins  and  composing  the  inner  two-thirds  of  every  liver  lobule 
are  filled  mth  large  and  small  fat  droplets  (fat  stain,  osmic  acid).  The  bile  ducts 
are  unchanged.  Pancreas  is  normal.  Adrenals  are  normal  and  show  a  normal  fat  dis- 
tribution (fat  stain,  osmic  acid).  Kidneys  appear  normal  in  gross.  The  medullary 
rays  are  conspicuous.  Microscopically  the  labyrinth  contains  an  abundance  of 
normal  glomeruli.  A  few  have  been  partially  or  completely  obliterated  by  fibro- 
blasts and  wandering  cells.  Small  irregular  patches  of  fibroblasts  are  scattered 
through  the  boundary  zone  of  the  medulla  and  cortex.  The  tubules  are  normal. 
The  tubules  in  the  medullary  rays  contain  a  great  deal  of  fat  (fat  stain,  osmic  acid). 
No  casts  are  seen. 

[75  mg.  disodium  arsphenamine,  per  kilo,  intravenously.  One  injection  only. 
Followed  by  marked  renal  depression  and  definite  jaundice.  Death  on  third  day. 
Necropsy  showed  liver  necrosis  comparable  with  acute  yellow  atrophy,  hemorrhagic 
adrenals  containing  focal  necroses,  acute  splenic  tumor  with  focal  necroses,  cloudy 
swelling  of  kidneys  and  bronchopneumonia.] 

Doo  2. — Adult  black  mongrel,  female,  weight  13.2  Idlos. 

March  1,  1919. — Excellent  condition.  Placed  on  400  gm,  medium  fat  beef  and  400 
c.  c.  water  daily  (water  by  stomach  tube). 

March  13. — Disodium  arsphenamine  75  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.  Nauseated  at  end  of  injection.  A  small  amount 
of  bloody  urine  passed  at  end  of  two  hours. 

March  14. — Animal  depressed  and  weak.  Urine  is  large  in  volume.  It  contains 
bile  pigment,  a  large  quantity  of  albumen,  numerous  casts,  and  red  blood  cells. 
Normal  constituents  are  not  decreased. 

March  15. — Dog  is  moribund.  Definite  icterus.  Urine  is  small  in  volume.  All 
normal  constituents  are  decreased.  Albumen,  red  blood  cells,  casts,  and  bile  pig- 
ments are  present.     Weight  12. G  kilos. 
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Necropsy. — Dog  is  well  nourished.  Conjunctivae  and  mucous  membranes  of  mouth 
are  jaundiced.  Subcutaneous  fat  shows  increased  pigmentation.  Serous  cavities 
are  normal.  Intima  of  the  aorta  is  lemon-yellow  in  color.  Oesophagus  and  trachea 
are  normal.  Heart  is  normal  in  gross  and  in  sections.  Lungs  show  a  few  small  patches 
of  bronchopneumonia  and  a  few  small  hemorrhagic  areas  2  to  4  mm.  in  diameter. 
Stomach  is  normal.  The  mucosa  of  the  duodenum  and  jejunum  is  swollen  and 
markedly  congested.  Pancreas  is  slightly  congested.  Spleen  is  swollen  and  con- 
gested. The  capsule  is  tense.  On  section  the  capsule  bulges,  and  the  pulp  is 
velvety  and  deep  red.  Microscopically  the  pulp  is  engorged  and  contains  many 
small  areas  of  focal  necrosis  which  are  indicated  chiefly  by  the  accumulation  of 
polymorphonuclear  leucocytes  and  cell  debris.  Adrenals  are  swollen,  congested, 
and  hemorrhagic.  Microscopically  the  vessels  of  both  the  cortex  and  medulla  are 
dilated  and  filled  \vith  blood.  The  inner  half  of  the  cortex  and  the  medulla  are 
distorted  by  hemorrhages.  There  are  many  focal  areas  of  necrosis  in  the  lower  third 
of  the  zona  fasciculata  and  zona  reticularis,  indicated  chiefly  by  nuclear  fragmenta- 
tion and  the  accumulation  of  polyblasts.  No  mitoses  are  seen.  Kidneys  are 
swollen.  The  boundary  zone  of  the  medulla  and  the  cortex  are  somewhat  con- 
gested. Microscopically  the  glomeruli  are  large.  The  tufts  almost  fill  the  capsular 
spaces,  and  some  may  contain  endothelial  cells  within  their  lumina.  The  tubular 
epithelium  is  swollen  and  granular,  but  shows  no  definite  necrosis.  Some  of  the 
collecting  tubules  contain  red  cells.  No  casts  are  seen.  Liver  is  swollen,  pale,  and 
friable.  On  section  the  lobules  are  sharply  outlined  with  a  deep  red  center  and 
opaque  yellowish-brown  periphery.  The  gall  bladder  and  bile  ducts  are  normal. 
Microscopically  there  is  an  extensive  central  necrosis.  From  one-third  to  four-fifths 
of  all  the  liver  cells  have  been  Idlled  and  appear  as  pink-staining  hyaline  masses. 
These  areas  contain  a  great  many  wandering  cells  and  red  blood  cells.  The  liver 
cells  about  the  portal  areas  are  swollen  and  contain  many  fat  droplets.  No  mitoses 
are  seen.  The  bile  ducts  are  unchanged.  Uterus  tubes  and  ovaries  are  normal. 
Brain  and  spinal  cord  normal. 

[75  mg.  disodium  arsphenamine,  per  kilo,  intravenously.  One  injection  only. 
Followed  by  definite  jaundice  and  death  on  the  third  day.  Necropsy  showed  exten- 
sive liver  necrosis,  acute  nephritis  with  tubular  necrosis,  subendocardial  hemorrhages 
and  a  hemorrhagic  thj^mus.] 

Dog  3..— Young  yellow  and  white  shepherd,  female,  weight  12  kilos. 

March  1,  1919.— FldiCed  on  400  gm.  beef  and  400  c.  c.  water  daily  (water  by  stomach 
tube). 

March  15. — Disodium  arsphenamine  75  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.     DepresseJ  at  end  of  injection. 

March  i6.— Depressed  and  weak.  Staggers.  Conjunctivae  and  skin  definitely 
jaundiced.  Rectal  temperature  36.2°  C.  Drawn  blood  very  dark.  Pulse  weak  and 
irregular,  148  per  minute.     Respirations  28  to  32  per  minute. 

March  17. — Found  dead  and  stiff. 

Necropsy.- — Animal  is  very  well  nourished.  Definite  icterus.  The  serous  cavities 
are  normal.  ThjTQUs  contains  many  small  hemorrhagic  areas  1  to  4  mm.  in  diameter. 
Iklicroscopically  the  hemorrhagic  areas  contain  numerous  wandering  cells.  There  are 
many  large  mononuclear  macrophages  loaded  with  cell  fragments.  Lungs  are  volum- 
inous, the  lower  right  lobe  is  very  edematous.  Microscopically  the  alveoli  are  filled 
with  precipitated  fluid.  Heart  shows  several  small  subendocardial  hemorrhages  in 
left  ventricle.  Intima  of  aorta  is  lemon  yellow.  The  mucosa  of  duodenum  and 
jejunum  is  swollen  and  congested.  Pancreas  is  normal  in  gross  and  in  section.  Spleen 
is  swollen.  Capsule  is  tense.  Pulp  is  deep-red  and  velvety.  Microscopically  the 
Malpighian  corpuscles  are  prominent.  The  pulp  is  engorged  and  contains  several 
phagocytes  loaded  with  a  granular  yellowish-brown  pigment.     Adrenals  are  soft  an4 
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show  considerable  post-mortem  degeneration.     Microscopically  the  vessels  of  the 
inner  cortex  and  medulla  are  dilated  and  filled  with  red  cells. 

Kidneys  are  swollen  and  congested.  The  boundary  zone  of  the  medulla  is  dark-red 
and  contains  many  opaque  tubules  extending  out  into  the  medullary  striae.  Micro- 
scopically the  glomeruli  are  large  and  somewhat  irregular.  The  tufts  fill  about  three- 
fourths  of  the  capsular  spaces  and  are  not  abnormally  distended.  Some  of  their 
lumina  may  contain  endothelial  cells.  The  capsular  spaces  are  clear.  The  inner 
cortex  and  boundary  zone  of  the  medulla  contain  a  few  small  scattered  interstitial 
hemorrhages.  Some  of  the  tubules  contain  red  cells  and  casts.  The  tubules  within 
the  medullary  striae  contain  considerable  fat  (osmic  acid).  The  tubular  epithelium 
is  swollen  and  granular.  Many  of  the  tubular  cells  in  the  labyrinth,  medullary  striae, 
and  especially  in  the  boundary  zone  of  the  medulla  are  necrotic.  These  cells  are 
swollen,  desquamated,  and  occasionally  hyaline.  The  nuclei  have  disappeared  or 
remain  as  pycnotic,  deeply  stained  bodies.  No  mitoses  are  seen.  Liver  is  swollen 
and  quite  fatty-looking.  On  section  the  lobules  are  conspicuously  outlined  with  a 
deep-red  center  and  an  opaque  yellowish-brown  margin.  The  gall  bladder  and  bile 
ducts  are  normal.  Microscopically  the  central  hyaline  necrosis  involves  from  one- 
third  to  four-fifths  of  every  liver  lobule.  The  necrotic  areas  contain  a  great  many 
red  cells  and  polyblasts.  The  liver  cells  appear  as  hyaline  masses  and  contain  a  few 
small  fat  droplets.  The  parenchyma  cells  about  the  portal  areas  are  swollen  and  con- 
tain many  large  and  small  fat  droplets  (fat  stain,  osmic  acid).  No  mitoses  are  seen 
The  bile  ducts  are  unchanged. 

[50  mg.  disodium  arsphenamine,  per  kilo,  intravenously.  Two  injections  at  the 
end  of  6  and  68  days  after  beginning  experiment.  First  injection  followed  by  a 
transient  depression  of  renal  function.  Sacrificed  after  135  days.  Necropsy  entirely 
negative.] 

Dog  4.— Adult  black  and  white  bull  mongrel,  female,  weight  11  kilos. 

March  16,  1919. — Observations  begun.  Placed  on  400  gm.  medimn  fat  beef  and  400 
c.  c.  water  daily  (water  by  stomach  tube). 

March  21  .—Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.     No  immediate  reaction. 

March  22. — Urine  reduced  in  volume  and  normal  constituents.  It  contains  con- 
siderable albumen,  bile  pigments,  and  a  few  granular  casts. 

April  if.l— Renal  function  has  been  normal  since  March  23.  Bile  pigments  were 
present  in  the  urine  for  three  days.  Urine  now  contains  only  a  trace  of  albumen 
and  rarely  a  hyaUne  cast. 

May  ^.1— Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  3  c.  c.  per  minute.  No  immediate  reaction.  Little  or  no  renal  dis- 
turbance.   Bile  pigment  tests  positive  for  two  days. 

May  Ji  .^-Observations  discontinued.     Animal  normal, 

July  29.' — Sacrificed  with  chloroform. 

iViecrops?/.— Dog  is  well  nourished.  No  icterus.  Serous  cavities  are  normal.  Heart, 
lungs,  stomach,  intestines,  spleen,  and  pancreas  are  normal  in  gross  and  in  sections. 
Adrenals  are  normal.  Fat  distribution  normal  (fat  stain,  osmic  acid).  Kidneys 
appear  normal.  The  medullary  striae  are  opaque  and  yellowish.  Microscopically 
the  straight  tubules  in  the  medullary  striae  contain  fat  (fat  stain,  osmic  acid).  Some 
of  the  glomeruli  have  been  partially  or  completely  obliterated.  A  few  small  irregular 
patches  of  scar  tissue  are  scattered  through  the  cortex  and  medulla.  Some  of  the 
epithelial  cells  of  the  convoluted  tubules  contain  small  globules  of  refractive  hyaline 
material.  Liver  is  normal  and  shows  no  scarring.  Gall  bladder  and  bile  ducts 
normal. 

[GO  mg.  and  50  mg.  disodium  arsphenamine,  per  kilo,  intravenously,  at  the  end 
of  6  and  02  days  after  beginning  experiment.     Both  injections  followed  by  a  period 
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of  transient  depression  of  renal  function.  Sacrificed  after  108  days.  Necropsy 
negative.] 

Dog  5.— Black  cocker  spaniel,  weight  9  kilos. 

March  16,  1919. — Observations  begun.  Placed  on  400  gm.  medium  fat  beef  and 
400  c.  c.  water  daily  (water  by  stomach  tube). 

March  21. — Disodium  arsphenamine  60  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.  Animal  vomited  after  the  injection.  A  slight 
depression  of  renal  function  was  noted  on  the  fifth  day  after  the  injection.  Albumen 
and  casts  were  also  present. 

March  29.  —Observations  discontinued.  Urine  contains  occasional  casts  and 
albumen  persists  in  traces. 

May  12.  —Observations  begun  again.     General  conditions  the  same  as  above. 

May  17.  —Disodium  arsphenamine  50  mg.  per  kdlo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.     ^Marked  depression  of  renal  function  for  seven  days. 

May  31.  —Discharged  as  normal. 

July  2.  —Sacrificed  with  chloroform. 

Necropsy  .—Dog  in  excellent  condition.  No  icterus.  Heart,  lungs,  stomach, 
intestines,  spleen,  and  pancreas  are  normal.  Adrenals  are  normal  in  gross  and  in 
sections.  Kidneys  are  normal.  The  medullary  striae  are  rather  opaque  and  yellow- 
ish. Microscopically  the  tubules  within  the  medullary  striae  contain  considerable 
fat.  The  glomeruli  are  normal.  No  scars.  Liver  is  normal.  Gall  bladder  and  bile 
ducts  are  unchanged. 

[Four  injections  of  disodium  arsphenamine  100  mg.,  50  ipg.,  50  mg.,  and  100  mg.  per 
kilo,  intravenously,  at  the  end  of  9,  28,  39,  and  100  days  after  beginning  experiment. 
Very  little  depression  of  renal  function  after  first  three  injections.  Fourth  injection 
was  immediately  followed  by  a  severe  reaction  and  the  animal  died  during  night. 
Necropsy  showed  congestion  and  slight  edema  of  lungs  and  extreme  congestion  of 
abdominal  \'iscera.] 

Dog  6. — Tan  mongrel,  female,  weight  8.3  kilos. 

April  19,  i9i9.— Observations  begun.  Placed  on  150  gm.  medium  fat  beef,  150  gm. 
dog  biscuit,  150  gm.  milk  powder,  and  280  c.  c.  water  daily. 

April  28.- — Disodium  arsphenamine  100  mg.  per  kilo,  intravenously.  Two  per  cent 
solution,  rate  2  c.  c.  per  minute.  No  renal  disturbance  except  the  appearance  of 
albumen  and  casts. 

May  i7.^Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.  Very  little  reaction.  Renal  function  only  slightly 
depressed. 

May  28. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.  Again  very  little  reaction  and  very  slight  effect  on 
kidneys. 

May  31. — Discontinued  temporarily. 

July  3. — Observations  resumed.  Urine  contains  a  small  amount  of  albumen  as  a 
constant  finding. 

July  28.— Animal  in  excellent  condition.  Weight  10  kilos.  Disodium  arsphena- 
mine 100  mg.  per  kilo,  intravenously.  Two  per  cent  solution,  rate  2  c.  c.  per  minute. 
Followed  by  severe  reaction.     Died  during  night. 

Necropsy.- — Dog  is  well  nourished.  No  icterus.  No  increase  in  pleural  fluid.  Right 
heart  is  dilated  and  filled  with  a  firm  clot.  Lungs  are  congested  and  slightly  edema- 
tous in  posterior  portions.  No  hemorrhages.  The  mucosa  of  entire  gastro-intestinal 
tract  is  swollen  and  congested.  The  mucosa  of  the  duodenum  and  jejunum  is  deep  red 
and  shows  many  submucous  hemorrhages.  The  intestinal  contents  contain  blood. 
Spleen  is  enlarged.  Capsule  is  tense.  The  cut  section  is  deep  purplish-red  and  vel. 
vety.    ^Microscopically  the  Malpighian  corpuscles  are  prominent.    The  pulp  is  en- 
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gorged  and  contains  many  pigmented  phagocytes.  Pancreas  is  congested.  Adrenals 
are  soft  and  show  considerable  post-mortem  change.  Kidneys  are  swollen  and  markedly 
congested,  the  capsule  strips  readily  lea\ing  a  smooth  surface.  The  cortex  and 
medulla  are  very  dark  red  (almost  purple").  Microscopically  the  vessels  of  the  cortex 
and  medulla  are  distended  with  red  cells.  There  are  many  patches  of  hemorrhages  in 
the  outer  cortex  and  the  boundary  zone  of  the  medulla.  Many  of  the  tubules  contain 
red  cells.  The  glomeruli  are  large  with  distended  tufts.  Some  of  the  tuft  lumina 
contain  endothelial  cells  and  hyaline  thrombi.  Almost  all  the  capsular  spaces  contain 
an  albuminous  precipitate.  There  is  a  rather  extensive  edema  of  the  labyrinth.  The 
tubular  epithelium  is  swollen  and  very  granular,  but  shows  no  definite  necrosis. 
Liver  is  swollen  and  congested.  Gall  bladder  and  bile  ducts  are  normal.  Micro- 
scopically the  vessels  are  dilated  and  filled  with  blood.  The  liver  cells  are  swollen  and 
granular  and  show  no  necrosis.  Central  nervous  system  shows  no  change  in  gross 
except  a  slight  congestion  of  vessels  of  pia. 

[50  mg.  disodium  arsphenamine  per  kilo,  intravenously,  at  the  end  of  10,  40,  and  94 
days  after  beginning  experiment.  First  injection  followed  by  a  moderate  depression 
of  renal  function.  No  depression  following  the  second  injection.  30  mg.  monosodium 
arsphenamine  per  kilo,  intravenously,  at  the  end  of  146  days,  followed  by  a  prolonged 
period  of  renal  depression.     Sacrificed  on  the  170th  day,     Necropsy  negative.] 

Dog  7. — Adult  white  bull  mongrel,  female,  weight  14.8  kilos. 

April  19,  1919. — Excellent  condition.  Placed  on  a  diet  consisting  of  lean  beef 
150  gm.,  dog  biscuit  150  gm.,  milk  powder  60  gm.,  and  water  80  c.  c.  In  addition  to 
the  fluid  above  the  animal, received  200  c.  c.  water  daily  by  stomach  tube, 

Aj)ril  29.- — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c,  per  minute.  Injection  followed  by  retching  and  vomiting  of  a 
small  amount  of  bilo-stained  fluid.  Urine  contained  bile  pigments,  albumen,  and 
casts  on  the  following  day.  On  the  fourth  day  distinct  cAidence  of  renal  impairment 
became  e^ident,  water  chlorides,  urea,  and  creatinine  were  all  reduced.  This  condi- 
tion persisted  for  three  days,  and  on  the  fourth  day  there  was  polyuria  with  marked 
improvement  of  creatinine  and  urea  excretion.  Albuminuria  and  cylindruria  per- 
sisted for  nearly  two  weeks.  Recovery  was  apparently  complete  except  for  a  trace  of 
albumen  which  was  always  demonstrable  in  the  urine. 

May  50.— Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Same  prepara- 
tion and  technique.     No  urinary  observations. 

July  <?.— Placed  on  400  gm.  of  medium  fat  beef  daily  and  400  c.  c.  water  by  stomach 
tube.     Phenolsulphonephthalein  alone  was  followed  in  the  urine. 

July  22. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  4  c.  c.  per  minute.  No  marked  effect  in  daily  quantity  of  urine  or  in 
phthalein  excretion  resulted.  However,  a  marked  albuminuria  and  cylindruria 
appeared. 

August  1.- — Observations  discontinued. 

September  3. — Placed  on  400  gm.  medium  fat  beef.  Water  nd  libitum.  Phthalein 
and  urea  determined, 

September  12. — Monosodium  arsphenamine  30  mg,  per  kilo,  intravenously.  One 
per  cent  solution,  rate  4  c.  c,  per  minute.  Moderate  depression  of  renal  function  on 
the  following  day,  most  pronounced  on  the  third  day.  The  urine  volume,  urea,  and 
phthalein  excretion  were  diminished.  Recovery  was  prolonged  and  phthalein 
excretion  continued  low  until  sacrifice  of  animal, 

October  (>.-  -Good  condition.     Weight  18  kilos.     Chloroformed, 

Necropsy.- '^o  icterus.  The  fiu})cutaneous  fat  is  abundant  and  of  normal  color. 
Serous  surfaces  are  normal.  Heart  and  lungs  are  normal  in  gross  and  in  section. 
^lastro-iriteKtinal  tract,  pancreas,  and  spleen  are  normal.  Adrenals Sire  norma}.  Micro- 
Bcopically  the  cortex  and  medulla  are  Hharpl>  divided  by  a  thm  layer  of  connective 
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tissue.  Fat  distribution  is  normal.  Kidneys  appear  normal.  The  medullary  rays 
contain  many  yellowish  striations.  Microscopically  the  glomeruli,  in  general,  are 
large  and  normal.  Some  show  a  proliferation  of  the  capsular  epithelium.  A  few  of 
the  glomeruli  have  been  partially  or  completely  obliterated.  The  cortex  and  medulla 
contain  a  few  small  scattered  scars.  The  tubular  epithelium  within  the  medullary 
striae  contains  large  amounts  of  fat  (fat  stain,  osmic  acid).  Liver  is  normal  in  gross, 
and  in  sections.  The  parenchyma  cells  contain  many  large  and  small  fat  droplets 
(fat  stain,  osmic  acid). 

[100  mg.  disodium  arsphenamine  per  kilo,  intravenously.  One  injection  only. 
Followed  by  a  marked  renal  depression,  jaundice,  and  death  on  the  third  day.  Ne- 
cropsy showed  extensive  liver  necrosis,  acute  nephritis  with  tubular  necrosis,  hemor- 
rhagic adrenals,  pet^chiae  and  slight  edema  of  lungs.] 

Dog  8. — Adult  short-haired  mongrel,  female,  weight  13  kilos. 

April  19,  1919. — Apparently  normal.  Placed  on  lean  beef  150  gm.,  dog  biscuit  150 
gm.,  milk  powder  60  gm.,  and  water  80  c.  c.  Additional  200  c.  c.  water  daily  by 
stomach  tube. 

May  2. — Disodium  arsphenamine  100  mg.  per  kilo,  intravenously.  Two  per  cent 
solution,  rate  2  c.  c.  per  minute.  Volume  of  urine  increased  on  first  day,  urea  reduced. 
Volume  normal  on  second  day,  urea  and  creatinine  markedly  reduced.  Bile  pig- 
ments, a  large  amount  of  albumen,  and  many  casts  were  present.  Rectal  tempera- 
ture subnormal.  Pulse  feeble  and  pressure  low.  Mucous  membranes  definitely 
cyanotic.     Conjunctivae  slightly  jaundiced. 

May  4. — Found  dead. 

Necropsy. — Definite  icterus.  Subcutaneous  fat  is  abundant  and  stained  yellow. 
Serous  ca\ities  are  normal.  Heart  is  normal.  Lungs  are  voluminous,  slightly  ede- 
matous and  contain  many  small  hemorrhages.  Trachea  contains  a  small  amount  of 
pink,  frothy  fluid.  Mucosa  of  duodenum  and  jejunum  are  moderately  congested. 
Pancreas  is  slightly  congested.  Spleen  is  swollen.  Capsule  is  tense,  pulp  is  deep  red 
and  velvety.  Adrenals  are  swollen,  the  medulla  is  dark  red.  Microscopically  the 
vessels  of  the  inner  cortex  and  medulla  are  distended  with  red  cells.  The  medulla 
is  distorted  by  hemorrhages.  The  zona  fasciculata  contains  a  strikingly  decreased 
amount  of  fat  (fat  stain,  osmic  acid).  No  mitoses  or  necrotic  cells  are  seen.  Kidneys 
are  scarred,  swollen,  and  congested.  Microscopically  there  are  .several  old  scars  in  the 
cortex  and  medulla.  The  blood  vessels  of  the  cortex,  and  especially  those  in  the 
boundary  zone  of  the  medulla,  are  dilated  and  filled  with  red  cells.  Small  hemor- 
rhages are  frequent.  Considerable  edema  of  labyrinth.  The  glomeruli  are  large. 
Their  tufts  are  distended  with  blood,  and  many  contain  endothelial  cells  within  their 
lumjna.  Some  of  the  capsular  spaces  contain  an  albuminous  precipitate.  The 
tubular  epithelium  is  swollen  and  granular.  Many  of  the  tubular  cells  are  necrotic. 
Liver  is  swollen  and  congested.  On  cut  section  the  lobules  are  sharply  defined  with 
a  dark  red  center  and  a  swollen  yellowish-brown  periphery.  The  gall  bladder  and 
bile  ducts  are  normal.  Microscopically  the  parenchyma  shows  extensive  central 
necrosis.  From  one-third  to  four-fifths  of  the  liver  cells  are  necrotic  and  appear  as 
pink  staining  hyaline  masses.  The  areas  of  necrosis  are  engorged  with  red  cells  and 
contain  many  wandering  cells.  The  liver  cells  about  the  portal  spaces  are  swollen 
and  contain  many  large  and  small  fat  droplets  (fat  stain,  osmic  acid).  The  bile  ducts 
are  normal.     No  mitoses  are  seen. 

The  central  nervous  system  is  normal  except  for  congestion  of  the  vessels  of  the  pia. 

[65  mg.   disodium  arsphenamine  per  kilo,  intravenously.     One  injection  only. 
Followed  by  depression  of  renal  function,  icterus,  and  death  on  the  fifth  day.     Ne- 
cropsy showed  acute  nephritis  with  tubular  necroses,  extensive  liver  necroses,  hemor- 
rhagic adrenals  with  focal  necroses,  petechiae,  and  slight  edema  of  lungs.] 
42465°— 21 3 
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Dog  9.— Young  adult  white  terrier,  female,  weight  9.2  kilos. 

April  19,  1919.— Good  condition.  Pregnant.  Placed  on  400  gm.  beef  and  400  c.  c. 
water  daily  (water  by  stomach  tube). 

April  29. — Disodium  arsphenamine  65  mg.  per  kilo,  intravenously.  Two  per  cent 
solution,  rate  2-4  c.  c.  per  minute.  Followed  by  polyuria  for  three  days.  Urine  of 
high  specific  gravity  with  bile  pigments,  albumen,  and  casts  present.  Urea  and 
creatinine  content  normal. 

May  2. — ^Animal  is  depressed  and  weak.  Definite  icterus  of  sclerae  and  skin. 
Slight  cyanosis.  Pulse  soft  and  thready.  Rectal  temperature  34°  C.  Weight  9.3 
kilos. 

May  3. — Found  dead. 

Necropsy. — Definite  icterus.  Serous  surfaces  are  smooth.  Pleural  cavities  contain 
an  increased  amount  of  fluid.  Heart  is  normal.  Lungs  are  edematous  at  margins  and 
small  hemorrhages  are  seen  on  the  surface.  Microscopically  many  of  the  alveoli  are 
filled  with  coagulated  fluid.  Some  are  filled  with  red  cells.  There  is  no  accumula- 
tion of  leucocytes.  Stomach,  intestines,  spleen,  and  pancreas  are  normal.  Adrenals 
are  swollen.  The  inner  half  of  the  cortex  is  swollen  and  appears  to  contain  extensive 
hemorrhages.  The  medulla  is  congested.  Microscopically  the  vessels  of  the  inner 
cortex  and  medulla  are  dilated  and  filled  with  red  cells.  The  inner  half  of  the  cortex 
is  distorted  by  red  cells  and  contains  many  areas  of  necrosis  indicated  by  nuclear 
fragmentation  and  the  accumulation  of  polyblasts.  No  mitoses  are  seen.  The  zona 
fasciculata  contains  very  little  fat  (fat  stain,  osmic  acid).  Kidneys  are  swollen  and 
congested.  Microscopically  the  blood  vessels  are  distended.  The  cortex  contains 
small  patches  of  hemorrhage.  The  tufts  of  the  glomeruli  are  distended  and  some 
contain  endothelial  cells  within  their  lumina.  Some  of  the  capsular  spaces  contain 
an  albuminous  precipitate.  In  general,  the  tubular  epithelium  is  swollen  and  granu- 
lar. The  tubular  epithelium ,  especially  in  the  boundary  zone  of  the  medulla  and  outer 
cortex,  shows  extensive  necrosis.  There  is  slight  edema  of  the  labyrinth.  The 
tubules  within  the  medullary  striae  contain  fat  (fat  stain,  osmic  acid).  Liver  is  swollen, 
friable,  and  rather  pale.  The  capsule  is  thin.  The  lobulation  is  very  distinct. 
Most  of  the  centers  are  deep  red,  the  margins  are  yellowish-brown  and  not  especially 
abnormal  looking.  The  gall  bladder  and  bile  ducts  are  unchanged.  Microscopically 
the  central  necrosis  is  irregular,  some  of  the  lobules  are  scarcely  affected  while  others 
are  almost  completely  necrotic.  The  necrotic  cells  contain  small  fat  droplets  (fat 
etain,  osmic  acid).  The  necrotic  areas  are  loaded  with  polyblasts.  The  live  cells 
in  the  nonaffected  lobules  and  about  the  portal  areas  of  the  necrotic  lobules  contain 
very  Jew  fat  droplets.     The  bile  ducts  are  unchanged. 

[20  mg.  mercury  (gray  oil)  intramuscularly  on  eighth  day  and  50  mg.  disodium 
arsphenamine  per  kilo,  intravenously  on  ninth  day  after  beginning  experiment. 
Followed  by  a  transient  icterus.  Died  of  distemper  on  the  twenty-fourth  day. 
Necropsy  showed  extensive  bronchopneumonia  and  a  few  subendocardial  hem- 
orrhages.] 

Dog  11. — Young  adult  collie,  female,  weight  18.7  kilos. 

June  4,  1919. — Animal  normal.  Observations  begun.  Placed  on  400  gm.  medium 
fat  beef  and  400  c.  c.  water  daily  (water  by  stomach  tube). 

Jane  12. — Gray  oil  containing  20  mg.  mercury  intramuscularly  in  hind  leg. 

June  13. — Disodium  arsphenamine  50  mg,  per  kilo,  intravenously.  Two  per  cent 
solution,  rate  3  c.  c.  per  minute. 

June  14. — Animal  depressed,  refused  food.  No  icterus.  Urine  small  in  volume, 
containe<l  bile  pigments,  albumen,  and  casts.  Urea  excretion  reduced,  phthalein 
excretion  normal . 

June  15. — ('onjiinctivae  slightly  jaundiced.  Urine  contained  albumen,  casts,  and 
a  largo  amount  of  Inlo  pigment. 
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June  17-19. — Slight  salivation.  Urine  contained  albumen,  casts,  but  no  bile 
pigments, 

June  21. — Distemper. 

June  28. — Found  dead.     Weight  15.1  kilos. 

Necropsy. — Dog  is  fairly  well  nourished.  No  icterus.  Some  excess  of  pleural 
fluid.  Lungs  show  extensive  bronchopneumonia.  Heart  shows  a  few  small  bright 
red  subendocardial  hemorrhages.  Stomach,  intestines,  pancreas,  and  spleen  are 
normal.  Adrenals  are  normal  in  gross  and  in  sections.  Kidneys  are  swollen  and  pale. 
Microscopically  the  tubular  epithelium  is  swollen  and  granular  and  shows  no  necrosis. 
No  fat  (osmic  acid).  Liver  is  normal  in  gross  and  in  section.  No  scarring.  No  fat 
(osmic  acid). 

[Thi'ee  injections  of  disodium  arsphenamine  50  mg.,  10  mg.,  and  50  mg.  per  kilo, 
intravenously,  at  the  end  of  4,  14,  and  25  days  after  beginning  experiment.  Transient 
depression  of  renal  function  after  first  injection.  10  mg.  mercury  (gray  oil)  intra- 
muscularly at  the  end  of  13  days.     Sacrificed  on  120th  day.     Necropsy  negative.] 

Dog  12. — White  bull  terrier,  female,  weight  12.3  kilos. ' 

June  3,  1919. — Observations  begun.  Placed  on  400  gm.  medimn  fat  beef  and 
400  c.  c.  water  daily  (water  by  stomach  tube). 

June  7. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Two  per  cent 
solution,  rate  4  c.  c.  per  minute.  Depression  of  renal  function  on  the  second  and 
third  days.     Urine  contained  albumen,  casts,  and  Tjile  pigments. 

June  16. — Gray  oil  containing  10  mg.  mercury,  intramuscularly  in  hind  leg. 

June  17. — Disodiiun  arsphenamine  10  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  2  c.  c.  per  minute.  Renal  function  unchanged.  Urine  contained  a 
small  amount  of  albumen  and  a  few  casts. 

June  28. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Renal  function 
unchanged. 

September  3-30. — LTrine  contained  a  trace  of  albumen.     Phthalein  output  normal. 

October  1. — Killed  with  chloroform. 

Necropsy. — No  icterus.  Subcutaneous  fat  abundant  and  of  normal  color.  Serous 
ca\'ities  normal.  Heart  and  lungs  normal.  Stomach,  intestines,  pancreas,  spleen, 
and  adrenals  are  normal.  Kidneys  are  normal.  The  medullary  striae  are  rather 
opaque  and  yellowish.  Microscopically  the  tubular  epithelium  within  the  medullary 
striae  contains  considerable  fat  (fat  stain,  osmic  acid).  There  are  a  few  small  patches 
of  fibroblasts  and  mononuclear  cells  in  the  boundary  zone  of  the  medulla.  Liver  is 
normal  in  gross  and  in  sections  and  shows  no  scarring. 

[1  mg.  mercuric  chloride  and  50  mg.  potassium  iodide  per  os,  given  daily  at  the 
end  of  11  days  after  l^eginning  experiment.  50  rag.  disodium  arsphenamine  per 
kilo,  intravenously,  at  the  end  of  14  days.  L'rea  and  phthalein  excretion  reduced 
at  the  end  of  25  days.     Sacrificed  after  57  days.     Necropsy  negative.] 

Dog  14. — White  bull  mongrel,  female;  weight,  9.5  kilos. 

June  Sf  1919. — Excellent  condition.  Placed  on  400  gm.  medium  fat  beef  and  400 
c.  c.  water  daily  (water  by  stomach  tube). 

Jun-e  14' — Mercuric  chloride  1  mg.  and  potassium  iodide  50  mg.  in  water,  per  os, 
daily. 

June  17. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Two  per  cent 
solution,  rate  3  c.  c.  per  minute.  Urine  contained  an  increased  amount  of  albumen 
and  casts  were  present  for  a  few  days.     Urea  and  phthalein  not  reduced. 

June  28. — Phthalein  and  urea  excretion  reduced. 

July  30. — Badly  hurt  in  fight.     Killed  with  chloroform. 

Necropsy. — Dog  is  well  nourished.  No  icterus.  Serous  surfaces  normal.  Heart 
and  lungs  normal.     Stomach,  intestines,  pancreas,  and  spleen  normal.     Adrenals  are 
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normal  in  gross  and  in  section  and  contain  the  normal  amoimt  of  fat  (fat  stain,  osmic 
acid).  Kidneys  appear  normal  in  gross.  The  medullary  striae  are  rather  opaque 
and  yellowish.  Microscopically  the  sections  are  normal.  The  straight  tubules  \^-ithin 
the  medullary  striae  contain  a  large  amoimt  of  fat  (fat  stain,  osmic  acid).  There  is 
no  scarring.  Liver  is  normal  in  gross  and  in  sections  and  shows  no  scarring.  Gall 
bladder  and  bile  ducts  are  normal. 

[1  mg.  mercuric  chloride  and  50  mg.  potassium  iodide  per  os,  given  daily  at  the 
end  of  12  days  after  beginning  experiment.  50  mg.  disodium  arsphenamine  per  kilo, 
intravenously,  at  the  end  of  54  days.  No  depression  of  renal  function.  Sacrificed 
after  125  days.     Necropsy  negative.] 

Dog  16. — W\^le  short-haired  mongrel,  female;  weight,  11.4  kilos. 

June  4,  1919. — Observations  begun.  Placed  on  400  gm.  meat  and  400  c.  c.  water 
daily  (water  by  stomach  tube). 

June  16. — ^Jklercuric  chloride  1  mg.  and  potassium  iodide  50  mg.  in  water  per  os, 
daily. 

June  17- July  28. — Phthalein  excretion  normal.  Urine  contained  a  slightly  in- 
creased amoimt  of  albumen  and  rarely  casts. 

July  28. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent 
solution,  rate  4  c.  c.  per  minute.  Urine  showed  an  increased  amount  of  albmnen  and 
an  increased  number  of  casts  for  three  days. 

September  3-6. — Urine  contains  albumen  and  frequent  casts.  Urea  and  phthalein 
excretion  not  reduced. 

September  7. — Apparently  normal.     Weight,  10.9  kilos.     Chloroformed. 

Necropsy. — Entirely  negative.  Dog  is  well  nourished.  No  icterus.  Serous 
surfaces  are  normal.  Heart  and  limgs  normal.  Stomach  and  intestines  normal. 
Pancreas,  spleen,  and  adrenals  normal  in  gross  and  in  sections.  Kidneys  are  normal 
in  gross  and  in  sections.  The  straight  tubules  within  the  medullary  striae  contain  a 
small  amount  of  fat  (fat  stain,  osmic  acid).  Liver  appears  normal  though  fatty  looking. 
Microscopically  the  sections  are  normal.  The  liver  cells  contain  many  large  and  small 
fat  droplets  (osmic  acid).     Gall  bladder  and  bile  ducts  are  normal. 

[15  mg.  mercuric  chloride  per  kilo  in  water,  per  os,  at  the  end  of  12  days  after  begin- 
ning experiment.  Followed  by  a  period  of  marked  depression  of  renal  function. 
50  mg.  disodium  arsphenamine  per  kilo,  intravenously  at  the  end  of  27  days.  Followed 
by  a  reduced  phthalen  excretion.  Sacrificed  after  103  days.  Necropsy  showed  mild 
chronic  diffuse  nephritis.] 

Dog  18. — Adult  brindle  bull  mongrel,  female,  weight  13.9  kilos. 

June  26,  1919. — Observations  begun.  Placed  on  400  gm.  meat  and  400  c.  c.  water 
(water  by  stomach  tube). 

July  8. — Mercuric  chloride  15  mg.  per  kilo,  in  water,  per  os.  Followed  by  vomiting, 
diarrhea.  Phthalein  excretion  markedly  reduced.  Urine  contained  considerable 
albumen  and  many  casts. 

July  23. — Disodium  arsephenamine  50  mg.  per  kilo,  1  per  cent  solution  intra- 
venously. Urine:  Good  volume,  increased  amount  of  albumen,  many  casts  and  re- 
duction in  phthalein  excretion. 

September  3. — Phthalein  excretion  low. 

October  7. — Weight  14  kilos.     Chloroformed. 

Nejropsy. — Dog  is  in  good  condition.  Subcutaneous  fat  is  abundant  and  normal 
in  color.  Serous  cavities  are  quite  normal.  Heart  and  lungs  are  normal.  Stomach 
and  intestines  are  normal.  Pancreas  and  spleen  are  normal  in  gross  and  in  sections. 
Adrenals  are  normal  and  show  the  normal  distribution  of  fat.  Kidneys  show  a  mild 
chronic  diffiifle  nephritis.  The  increase  in  connective  tissue  is  patchy  and  most 
marked  in  the  })oundary  zone  of  the  medulla.  The  cortex  contains  several  scattered 
scars.     The  glomeruli  are  well  preserved.     There  has  been  considerable  atrophy  and 
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shrinkage  of  tubules  in  the  scarred  areas  of  the  medulla.  The  tubules  within  the 
medullary  striae  contain  considerable  fat  (fat  stain,  osmic  acid).  Liver  is  normal  and 
shows  no  scarring. 

[15  mg.  mercuric  chloride  per  kilo  in  water,  per  os,  at  the  end  of  12  days  after  be- 
ginning experiment.  Followed  by  a  period  of  marked  depression  of  renal  function. 
50  mg.  disodium  arsphenamine  per  kilo,  intravenously,  at  end  of  28  days.  Followed 
by  a  slight  reduction  in  renal  function.  Sacrificed  at  end  of  72  days.  Necropsy 
negative.] 

Dog  19. — Black  and  tan  hound  mongrel,  female,  weight  15  kilos. 

June  26,  1919. — Observations  begun.  Placed  on  400  gm.  beef  and  400  c.  c.  water 
daily  (water  by  stomach  tube). 

July  12. — ^Mercuric  chloride  15  mg.  per  kilo,  in  water,  per  os.  Followed  by  a 
marked  reduction  in  phthalein  excretion.  Urine  contained  considerable  albumen 
and  many  casts. 

July  24. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Followed  by 
albuminuria  and  a  slight  reduction  in  phthalein  excretion. 

September  6. — Chloroformed. 

Necropsy. — Dog  is  well  nourished.  Serous  cavities  are  normal.  Thorax,  heart, 
and  lungs  normal.  Stomach  and  intestines  normal.  Pancreas,  spleen,  and  adrenals 
normal  in  gross  and  in  sections .  Kidneys  appear  normal  except  for  a  few  scars .  Micro- 
scopically there  is  an  abundance  of  normal  glomeruli  and  tubules.  There  are  a  few 
linear  scars  in  the  cortex.  The  cortex  and  boundary  zone  of  the  medulla  contain  a 
few  small  patches  of  connective  tissue  and  accumulated  wandering  cells  of  the  mono- 
nuclear type.  The  straight  tubules  in  the  medullary  striae  contain  large  amounts  of 
fat  (fat  stain,  osmic  acid).  Liver  is  normal.  Gall  bladder  and  bile  ducts  are  normal. 
Microscopically  the  liver  lobules  are  uniform  and  the  parenchyma  cells  are  normal. 
Bile  ducts  are  unchanged. 

[5  mg.  mercuric  chloride  per  kilo,  per  os,  on  the  first  day,  50  mg.  disodium  arsphen- 
amine per  kilo,  intravenously,  after  6  days,  and  40  mg.  monosodium  arsphenamine  per 
kilo,  intravenously,  after  82  days.  No  immediate  depression  of  renal  function  after 
the  arsphenamine  injections.     Sacrificed  after  100  days.     Necropsy  negative.] 

Dog  20. — Short-haired  mongrel,  female,  weight  9.5  kilos. 

June  25,  1919. — Mercuric  chloride  5  mg.  per  kilo,  in  water,  per  os.  Placed  on  400 
gm.  medium  fat  beef  and  400  c.  c  water  daily  (water  by  stomach  tube). 

July  1. — Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  On  the  following 
day  the  urine  contained  bile  pigments  and  an  increased  amount  of  albumen.  After 
4  days  phthalein  excretion  was  reduced  and  remained  low  for  a  week. 

September  3. — Monosodium  arsphenamine  40  mg.  per  kilo,  intravenously.  One 
per  cent  solution,  rate  3  c.  c.  per  minute.  Urine  contained  bile  pigments.  A  marked 
albuminuria  and  cylindruria  appeared  10  days  after  injection.  Phthalein  fluctuated 
with  a  tendency  downward. 

October  4. — Weight  8.8  kilos.     Killed  with  chloroform. 

Necropsy. — Entirely  negative.  Subcutaneous  fat  is  abundant  and  normal  in  color. 
Serous  cavities  normal.  Heart  and  lungs  normal  in  gross  and  in  sections.  Stomach 
and  intestines  are  normal.  Pancreas,  spleen,  and  adrenals  are  normal  in  gross  and  in 
sections.  Kidneys  are  normal.  Medullary  striae  show  opaque  yellowish  striations. 
Microscopically  the  sections  ai'e  normal.  The  tubules  within  the  medullary  striae 
contain  a  large  amount  of  fat  (fat  stain,  osmic  acid).  Liver  is  normal  in  gross  and  in 
sections.    Gall  bladder  and  bile  ducts  are  unchanged. 

[5  mg.  mercuric  chloride  per  os,  on  the  first  day,  50  mg.  disodium  arsphenamine  per 
kilo,  intravenously  after  5  days.  Phthalein  excretion  low  after  the  mercury  only. 
Sacrificed  after  29  days.     Necropsy  negative.] 
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Dog  21.— Short-haired  mongrel,  female,  weight  10.8  kilos. 

June  25,  ^5i9.— Normal.  Placed  on  400  gm.  medium  fat  beef  and  400  c.  c.  water 
daily  (water  by  stomach  tube).  Mercmic  chloride  5  mg.per  kilo,  in  water,  per  os. 
Followed  by  mai'ked  albuminuria  and  cylindruria.  Phthalein  excretion  greatly 
lowered. 

June  ^0.— Disodium  arsphenamine  50  mg.  per  kilo,  intravenously.  Urine  con- 
tained bile  pigments  on  second  day.     No  depression  of  renal  function. 

July  ^4.— Weight  9.6  kilos.     Killed  with  chloroform. 

Necropsy. — Dog  is  well  nourished.  No  icterus.  Serous  cavities  normal.  Heart 
and  lungs  normal.  Stomach  and  intestines  appear  normal.  Spleen,  pancreas,  and 
adrenals  are  normal  in  gi'oss  and  in  sections.  Kidneys  are  normal.  The  sections  show 
considerable  fat  in  the  straight  tubules  of  the  medullary  rays.  Liver  is  normal  in 
gross  and  in  sections.    Gall  bladder  and  bile  ducts  are  unchanged. 

[100  mg.  neoarsphenamine  per  kilo,  intravenously.  Followed  by  a  prolonged  renal 
depression.     Sacrificed  after  21  days.      Necropsy  showed  subacute  diffuse  nephritis. 

Dog.  23. — Terrier  mongrel,  female,  weight  14  kilos. 

Seytemher  16,  1919. — Placed  on  400  gm.  medium  fat  beef,  water  ad  libitum.  Neoars- 
phenamine 100  mg.  per  kilo,  intravenously.  Two  per  cent  solution,  rate  5  c.  c.  per 
minute.  Followed  by  albuminuria  and  some  cylindruria.  Polyuria  quite  marked 
at  first.  Phthalein  excretion  greatly  depressed  and  remained  low  until  sacrifice  of 
animal . 

October  7. — Killed  with  chloroform. 

Necropsy. — Subcutaneous  fat  is  abundant  and  of  normal  color.  Heart  and  lungs  are 
normal.  Stomach  and  intestines  show  no  change.  Spleen  is  normal  in  gross  and  in 
sections.  The  pulp  contains  a  few  hemosiderin-containing  phagocytes.  Pancreas 
and  adrenals  are  normal  in  gross  and  in  sections.  Kidneys  show  subacute  diffuse 
nephritis.  Microscopically  the  cortex  is  scarred  with  an  irregular  patchy  increase  of 
connective  tissue  containing  an  accumulation  of  wandering  cells  chiefly  of  the  mononu- 
clear type.  Some  of  the  scars  are  linear  and  involve  two  or  more  of  the  glomeruli 
with  their  tubules.  The  connective  tissue  increase  is  most  marked  within  the  bound- 
ary zone  of  the  medulla.  The  vast  majority  of  the  glomeruli  are  well  preserved  and 
stand  out  conspicuously.  The  tubules  within  the  scarred  areas  show  considerable 
atrophy  and  shrinkage.  The  tubules  in  the  nonaffected  areas  appear  normal.  Liver 
is  normal  in  gross  and  in  sections.     Gall  bladder  and  bile  ducts  are  unchanged. 

[50  mg.  monosodium  arsphenamine  per  kilo,  intravenously.  Severe  reaction. 
Deatn  within  12  hours.  Necropsy  showed  congestion  and  edema  of  lungs  and  extreme 
congestion  of  abdominal  viscera.] 

Doo  24. — Small  bull  mongrel,  female. 

September  5,  1919. — Normal.  Placed  on  a  medium  fat  beef  diet.  Water  ad  libitum. 
Monosodium  arsphenamine  50  mg.  per  kilo,  intravenously.  One  per  cent  solution, 
rate  4  c.  c.  per  minute.     Followed  by  a  severe  reaction  and  death  within  12  hours. 

Necropsy. — Dog  is  well  nourished.  No  icterus.  Pleural  cavities  contain  an  in- 
creased amount  of  fluid.  Trachea  contains  considerable  frotliy  fluid.  Lungs  are 
voluminous,  congested,  and  quite  edematous.  Microscopically  the  vessels  are  di- 
lated and  filled  with  blood.  Many  of  the  alveoli  are  filled  with  coagulated  fluid. 
Mucosa  of  small  intestine  is  deep  red  and  congested.  Sple(Mi  is  moderately  swollen. 
Microscoy)ically  th(>  i)ulp  is  engorged.  Adrenals  are  soft  and  show  considerable  post 
mortem  autolysiH.  Kidneys  are  swollen  and  congested.  Microscopically  the  blood 
vcHsels  are  distended  and  congested.  Patches  of  hemorrhages  are  conspicuous  in  the 
cort<!X  and  })Oundary  zone  of  the  medulla.  The  glom(^ruli  are  large.  Their  tufts  are 
distcjndcd  with  rvx\  vvWh  and  well  fill  the  capsular  spaces.  Some  edema  of  the 
labyrinth.     The  epithelium  of  the  tubules  is  swollen  and  granular.     Some  of  the 
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tubules  contain  red  cells.    The  tubules  within  the  medullary  striae  contain  con>sid- 
erable  fat  (fat  stain,  osmic  acid).     Liver  is  congested,  otherwise  normal. 

[5  mg.  arsphenamine  dihydrochloride  per  kilo,  intravenously.  Marked  reduc- 
tion in  phthalein  excretion  for  12  days.  Sacrificed  after  21  days.  Necropsy  showed 
bronchopneumonia.] 

Dog  25. — Short-haired  mongrel,  female,  weight  10.3  kilos. 

September  5,  1919.- — Normal.     Placed  on  meat  diet.     Water  ad  libitum. 

September  16. — Arsphenamine  dihydrochloride  5  mg.  per  kilo,  intravenously.  One 
per  cent  solution.  Urine,  volume  not  altered,  albumen  and  casts  increased. 
Phthalein  excretion  markedly  reduced  for  12  days. 

October  7. — Killed  with  chloroform. 

Necropsy. — Dog  is  in  good  condition.  No  icterus.  Heart  is  normal.  Lungs  con- 
tain a  few  small  areas  of  bronchopneumonia.  Stomach,  intestines  and  pancreas  are 
normal.  Spleen  is  normal  in  gross.  Microscopically  the  pulp  contains  a  few  phago- 
cytes loaded  with  coarsely  granular  light-brown  iron-containing  pigment.  Adrenals 
are  normal  in  gross  and  in  sections.  Fat  stains  show  the  normal  distribution  of  fat. 
Kidneys  are  normal.  The  straight  tubules  in  the  medullary  rays  contain  large  amounts 
of  fat  (fat  stain,  osmic  acid).  Liver  is  normal  in  gross  and  in  sections  and  shows  no 
scarring. 

[100  mg.  neoarsphenamine  per  kilo,  intravenously.  Followed  by  prolonged  renal 
depression.     Sacrificed  after  21  days.     Necropsy  showed  subacute  diffuse  nephritis.] 

Dog  26. — Fox  terrier  mongrel,  female,  weight  5.3  kilos. 

September  5,  1919. — Observations  begun.  Placed  on  a  medium  fat  beef  diet. 
Water  ad  libitum. 

September  16. — Neoarsphenamine  100  mg.  per  kilo,  intravenously.  Two  per  cent 
solution.  Followed  by  marked  albuminuria.  Phthalein  excretion  reduced  after 
three  days  and  remained  low  for  eight  days. 

October  7.- — Urine  contains  a  trace  of  albumen.  Phthalein  excretion  slightly  lower 
than  before  neoarsphenamine  injection.     Chloroformed. 

Necropsy. — Dog  is  in  good  condition.  No  icterus.  No  increase  in  serous  fluids. 
Heart,  lungs,  pancreas  and  spleen  show  no  change.  Adrenals  are  normal  in  gross 
and  in  sections.  Kidneys  show  a  mild  subacute  diffuse  nephritis.  The  sections  show 
an  abundance  of  normal  glomeruli  and  tubules.  There  are  several  partially  or  com- 
pletely obliterated  glomeruli,  a  patchy  increase  of  connective  tissue  in  the  cortex 
and  a  more  marked  increase  of  interstitial  connective  tissue  in  the  boundary  zone 
of  the  medulla.  Many  of  the  collecting  tubules  contain  hyaline  casts.  Liver  sections 
show  a  definite  increase  in  the  periportal  connective  tissue.  Some  of  the  lobules  are 
completely  surrounded  by  a  narrow  band  of  fibrous  tissue.  There  is  some  increase 
in  the  number  of  mononuclear  cells  about  the  portal  areas  and  the  liver  cells  about 
these  areas  contain  many  fat  droplets  (fat  stain,  osmic  acid).  The  parenchyma  cells 
are  normal.    The  bile  ducts  are  unchanged. 

[8  mg.  arsphenamine  dihydrochloride  per  kilo  intravenously.  Followed  by  pro- 
longed renal  depression.    Sacrificed  after  18  days.    Necropsy  entirely  negative.] 

Dog  28. — Bull  mongrel,  female,  weight  13.4  kilos. 

September  15,  i9i9.— Observations  begun.  Placed  on  a  medium  fat  beef  diet. 
Water  ad  libitum. 

September  i9.— Arsphenamine  dihydrochloride  8  mg,  per  kilo,  intravenously. 
Followed  by  a  marked  albuminuria  and  cylindruria.  Phthalein  excretion  reduced 
on  the  second  day  and  remained  low  until  animal  was  sacrificed. 

October  7.— Killed  with  chloroform. 

Necropsy. — Entirely  negative.  No  icterus.  Lungs,  spleen,  pancreas,  adrenals, 
kidneys  and  liver  are  normal  in  gross  and  in  sections. 
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[85  mg.  neoarsphenamine  per  kilo,  intravenously.  Followed  by  renal  depression. 
Sacrificed  after  4  days.  Necropsy  showed  chronic  nephritis  and  a  superimposed  acute 
nephritis  with  tubular  necrosis.] 

Dog  29.— Short-haired  mongrel,  female,  weight  12.8  kilos. 

October  3,  i 9^ 9. —Observations  begun.  Placed  upon  a  medium  fat  beef  diet.  Water 
ad  libitum. 

October  4. — Neoarsphenamine  85  mg.  per  kilo,  intravenously.  Followed  by  a 
marked  albuminuria  and  reduction  in  phthalein  excretion. 

October  8. — Killed  with  chloroform. 

Necropsy. — ^Dog  is  in  good  condition.  Serous  cavities  are  normal.  Heart,  lungs, 
pancreas  and  spleen  are  normal  in  gross  and  in  sections.  Adrenals  are  normal  in  gross 
and  in  sections.  No  mitoses  are  seen.  The  fat  in  the  zona  fasciculata  may  be  slightly 
decreased  (fat  stain,  osmic  acid).  Kidneys  show  a  miid  chronic  diffuse  nephritis  with 
a  superimposed  acute  tubular  nephritis.  There  are  many  partially  or  completely 
obliterated  glomeruli,  a  patchy  increase  of  connective  tissue  in  the  cortex  and  a  more 
marked  increase  of  interstitial  connective  tissue  in  the  boundary  zone  of  the  medulla. 
There  is  an  abundance  of  glomeruli  and  tubules  not  affected  by  the  chronic  change. 
The  glomeruli  are  large.  The  tufts  well  fill  the  capsular  spaces  and  do  not  appear 
abnormal.  Some  may  contain  a  few  endothelial  cells  within  their  lumina.  The 
striking  acute  change  is  the  irregular  necrosis  of  the  epithelium  lining  the  tubules. 
The  necrosis  is  most  marked  in  the  convoluted  tubules  in  the  outer  half  of  the  cortex. 
Many  of  the  affected  tubules  contain  living  and  necrotic  cells.  In  others  the  entire 
epithelium  has  been  destroyed  and  appears  as  homogeneous,  pink-staining,  slightly 
granular  masses.  The  necrotic  cells  contain  no  fat.  No  mitoses  are  seen.  Many  of 
the  collecting  tubules  contain  casts.  Liver  is  normal  in  gross  and  in  sections  and  con- 
tains no  fat. 

[85  mg.  neoarsphenamine  per  kilo,  intravenously.  No  evidence  of  renal  injury 
in  three  days.  Sacrificed  after  4  days.  Necropsy  showed  acute  nephritis  with  tubular 
necrosis.] 

Dog  31.^ — Short-haired  mongrel,  female,  weight  10  kilos. 

October  4,  1919. — Normal.  Neoarsphenamine  85  mg.  per  kilo  intravenously.  No 
depression  of  renal  function. 

October  5.— Killed  with  chloroform. 

Necropsy .—'^0  icterus.  Heart,  lungs,  spleen,  pancreas  and  liver  are  normal  in 
gross  and  in  sections.  Adrenals  are  normal  in  gross  and  in  sections.  No  mitoses  are 
seen.  The  zona  fasciculata  may  contain  a  slightly  decreased  amount  of  fat.  Kidneys 
appear  normal  in  gross.  Microscopically  the  vast  majority  of  the  glomeruli  with  their 
tubules  are  normal.  However,  a  few  of  the  convoluted  tubules,  the  ascending  limbs 
of  Henle  and  the  loops  of  Henle  contain  necrotic  epithelial  cells.  The  extent  of  the 
injury  is  very  slight  as  compared  with  the  extensive  kidney  necrosis  of  Dog  29.  Liver 
is  normal  in  gross  and  in  sections. 
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HYGIENIC  LABORATORY  BULLETINS  OF  THE  PUBLIC  HEALTH 

SERVICE. 

The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital 
on  Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in 
the  Butler  Building,  June  II,  1891,  and  a  new  laboratory  building,  located  in  Wash- 
ington, was  authorized  by  act  of  Congress  March  3,  1901. 

Of  the  bulletins  published  by  the  laboratory  since  its  establishment,  copies  of  the 
following  are  available  for  distribution  and  may  be  obtained  without  cost  by  appljdng 
to  the  Surgeon  General,  United  States  Public  Health  Ser\'ice,  Washington,  D.  C. 

No.  2. — Formalin  disinfection  of  baggage  without  apparatus.     By  M.  J.  Rosenau. 

No.  43. — The  standardization  of  tetanus  antitoxin  (an  American  unit  established 
under  authority  of  the  act  of  July  1,  1902).     By  M.  J.  Rosenau  and  John  F.  Anderson. 

No.  51. — Chemical  tests  for  blood.     By  Joseph  H,  Kastle. 

No.  52. — Report  No.  3  on  the  origin  and  prevalence  of  tj-phoid  fever  in  the  Dis- 
trict of  Columbia  (1908).  By  M.  J.  Rosenau,  Leslie  L.  Lumsden,  and  Joseph  H. 
Kastle. 

No.  55. — Quantitative  pharmacological  studies;  adrenalin  and  adrenalin-like 
bodies.    By  W.  H.  Schultz. 

No.  59. — The  oxidases  and  other  oxygen  catalysts  concerned  in  biological  oxida- 
tions.   By  Joseph  Hoeing  Kastle. 

No.  65. — Facts  and  problems  of  rabies.     By  A.  M.  Stimson. 

No.  73. — The  effect  of  a  number  of  derivatives  of  choline  and  analogous  compounds 
on  the  blood  pressure.     By  Reid  Hunt  and  R.  de  M.  Taveau. 

No.  78. — Report  No.  4  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 
of  Columbia  (1909).  By  L.  L.  Lumsden  and  John  F.  Anderson.  (Including  articles 
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